AD-A244 871

o pete ey F) R

U.S. Army Toxic and Hazardous fateriais Agency

INSTALLATION RESTORATION PROGRAM
ENVIRONMENTAL TECHNOLOGY DEVELOPMENT

Task Order - 12

Field Demonstration -
C@mpmmw of Propellants
Contarminated §@d1m@ms at
the Badger Arm

nunition Plant (EW)

Contract Number DAAXK-11-85-D-007
Report Number CETHA-TE-CR-89061

March 1589

Preporsd fom

COAMMANDIR, US, ARMY TOXIC AND HAZARDOUS
MATIRIALS AGENCY

Aburdsen Proving Geoved (Edgeanod Area),

Marylnnd 2301 c»-;v 9

R %%uA ‘{2 2 c992
woL \% x

“‘ .
'n-’

m...::\ :

“P‘F;a«wm;y_’ - . N . . . R
i s s s et . RS e

s S i, Y R

At e e el i R R e e e




The reviews, opinions, and/or findings
contzined in thig ropert ahould not be
construed 23 an official Degartment of
the Army poaition, pelicy, or dacision,
uniess so designatzd by cher

The yse of raclo ramaes in his report
doas not constitsly on official
endorsement or approval of fe use of
such commercial producta This report
may not ba cited for purpoaes of

]




57278

F1ELD DEMONSTRATIOM - COMPOSTING COF PROPELLAMTS -
CONTAMIMNATED SEDIMENTS AT THE
BADGER ARMY AMMUNITIONM PLANT (BAAP)

DRAFT FINAL REPORT
DISTRIBUTION UNLIMITED

Prepared for:

U.8. Army Toxic and Hazardous Materials Agency
Aberdeen Proving Ground
Edgewood Area, Maryland

March 1989

. Yy
A G
Richard T. williams, Ph.D

Section Manager

P ot Zutsgnfri—

P. Scott Ziegenfuss

Projeét Scientist

Peter J. Harts
.Project Manager

Prepared by:
ROY F. WESTON. INC.
Weston Way
West Chester, Pennsylvania 19330

Work Order No. 2281-04-12




:
] LASSik: ION QF THIS PAGE
Form Apgroved
REPORT DOCUMENMTATION PAGE OME No. 0704-0188
ta. REPORT SECURITY CLASSIFICATION 1b. RESTRICTIVE MARKINGS
\ Unclassified
(‘ 2. SECURITY CLASSIFHCATION AUTHORITY 3. QISTRIBUTION/AVAILABILITY GF REPORT
! 2b. DECLASSIFICATION/ OOWNGRADING SCHEDULE Unlimited
4. PERFORMING ORGANIZATICN REPORT NUMBER(S) 3, MONITORING ORGANIZAT.ON REPORT NUMBER(S)
| CETHA-TE-CR-89061
6a. NAME OF PERFOQRMING QRGANIZATIQN G0, QFFICE SYMITK 78 NANIE OF MONITORING CHEGANIZATION
(If sppiicabie)
- 2 U.S. Army Toxic and Hazardous
Poy F. Weston, Inc. Lv2sa Uarardala Acency fUSATUAMA)
Sc. ADORESS (City, State, e d 2P Coae) 75. ADDRESS (City, State, and i Code)
Ona Weston Way Attn: CETHA-TE-D
West Chester, PA 19380 Aberdeen Proving Ground, D 21010-5401
8a. NAME OF FUNDING / SPONSQRING 3b, QFFICE SYMBOL | 3. PAOCUREMENT INSTRUMENT iSENTIFICATION NUMBER
QRGANIZATION i -
U.S. Army Toxic (i apgiicadie) Contract No. DAAK=11-85-D=007
and Harardoug Materials Agencd CETHA-TE-D Task No. 12
Be AQDRESS (Gty, State, and 2iP Coce) 10. SOURCE QF FUNDING HLMBERS
PAOGRAM PROJECT TASK WORK UNIT
Actn: CETH~TE-D ELEMENT NO. | NO. NO. ACCESSION NO.
Aberdeen Proving Ground, MD 21010-5401 T.0. 8
11, TITLE (inciuge Securty Catuficatan)
Fiald Demonstration - Composting of Propellants Contaminated Sedizments at the Badger
Armv Ammunition Plant (BAAP) -~ (UNCL.)

12. PERSOMAL AUTHOR(S)
R. T. Williams, P, S. Ziegenfuss, P. J. Marks

138. TYPE OF AEPGAT 130, TiME COVERED 14 DATE OF AEPORT (resr, Manmn, Day) |15, PAGE COUNT
FINAL oM _7/87 ro_3/39 30 March 1989

16, SUPPLEMENTARY NOTATION
1

17 COsSATI CORES 18, SUBJECT TERNS (Conunue on reverte «f necestary ond «Qantity dy Diock numoer)

FELO SaQur sua-caoup Composting, Propellants, Nitrocellulose, Blorestoration,
Bicreclamation, Sediment, B3iotransformation

190 ABSTRACT (Conmtinue 0m ravers® f necestary ard Quntfy 5y Moy numoasr)

A field-scale demonstration of cowmposting propellants-contaminated sediment was conducted at
the Badger Army Ammunition Plant (3AAP). Composting, ags used at BAAP?, is a treatment process
in which organic-chemical contaminated soils or sediments are aixed with organic materials
such as manure co enhance the role of microblal metabolism in degrading and scabilizing soil/
sediment contaminants. Sediments contaminated with the propellant nitrocellulose (NC) were
mixed with manure, alfalfa, livestock feed, and wood chips and ccmposted in four static piles.
Negative pressure aeration was used to maintain aeroblosis and remove excess heat. Experi-
mental variables {nvestigated during the study waere tamperature (mesophilic, 35°C vs. thermo=
- philic, 55°C), sediment loading (19 to 32 weight percent), and ¥C lcading. Small aliquots of
compost (approximately 400 cd) were apiked with pure NC, placed in porous nylon bags and
buried in compost piles nos., 1, 2, and 3. These bagged compost samples were used to determine
if high levels of NC (up to 80 welght percent) could be successfully composted. Thermophilic
temperatures resulted in the highest percent reduction in NC concentration. Compost plle

no. | contained 1|9 weizht percent sediment, was maintained at approximatelv 35°C, and rasulted

0. OISTRIBUTION/ AVAILLBILITY OF A3STRACT 41 AZSTAACT SECURITY CLASSHFCATION
ClumaiassisigomunumTen 70 sare as opr Tinre useas Cnclagsified
228. NAME OF RESPONSIBLE INDIVIOUAL l1in TELEPHCNE (Inciude Ares Coae) | 2l¢. QFFICE STAaQL
Yavrna S1cle ‘ (301) A71=2054 CETHA-TE-D
00 Form 1473, JUM 56 Previous eaitinnt are obsalets. SECUMTY CLASSIFICATION OF TWIS PAGE

Unclassifled




REPORT DOCUMENTATION PAGE

Block 19. ABSTRACT (con't)

in 28 percent NC destruction. Compost pile no. 2 contained 19 weight percent
sediment, was maintained at approximately 55°C, and resulted in 98 percent NC
destruction. Compost pile no. 3 contained 22 weight percent gediment, was
maintained at approximately 55°C, and resulted in 99,6 percent NC destruction.
Compost pile no. 4 contained 32 weight percent sediment, was maintained at
approximately 55°C, and resulted in 99.9 percent NC destruction. Significant
reduction in NC concentration occurred in all bagged compost samples except
for the bags that contained 80 weight percent NC in cowpost pile no. 3.

| Accoession Por

[ NT1S GRA&I [
DTIC TAB O
Unanucunced O

Justitlentio el

By e
Pltioritation/
— . o e e (A ————y
[ g1t Lttty Qodas
—_ L
) LY rad/or

ist | Spocial

"I
al




ACKNOWLEDGEMENTS

The authors would like to acknowledge the contributions of Steve
Harmon and Dennis Turdot at the Badger Army Ammunition Plant.
Lisa Morse and Ed Schaefer of WESTON provided significant field
and laboratory support.

iv
857278




TABLE OF CONTENTS
Section Title Page
- 1 EXECUTIVE SUMMARY 1-1
b 2 INTRODUCTION 2-1
i 2.1 Statement of the Problem 2-1
E 2.2 Background Information 2-1
2.3 Literature Summary 2-4
- 2.4 Site Background 2-4
g 2.5 Objectives 2-6
.. 3 MATERIALS AND METHODS 3-1
{
{ 3.1 Composting Test Facilities 3-1
3.2 Bulking Agents/Carbon Scurces 3-1
: 3.3 Mixing System 3-4
i 3.4 Test Soil 3-4
3.5 Materials Handling Equipment 3-4
3.6 Compost Temperature/Aeratiocn Control 3-8
‘ 3.7 Cecmpost Temperature Monitoring 3-9
! 3.8 Microbial Enumeration 3-9
. 3.9 Analytical Methods 3-10
j 3.9.1 TOC, TKN, and Lead 3-10
‘ 3.9.2 Propellants 3-10
3.9.2.1 Sample Extraction and
Preparation 3-10
3.9.2.2 Spectrophotometric
Analysis 3-10
3.9.2.3 QA/QC Samples 3-11
3.9.3 Percent Moisture De-
termination 3-11
3.10 Test Period and Sampling 3-11
3.11 Compost Pile Remixing 3-12
4 COMPOST PILES 41 AND 2 4-1
4.1 Compost Pile Design, Ceastruction, and
Operation 4-1
4.1.1 Test Vaciables 4-1
4.1.2 Test Soil and Bulking Agents 4-1
= 4.1.3 Compost Mixing/Pile Construction 4-5
4.1.4 Operations Scheduls 4-6
4.2 Results 4-6
4.2.1 Compust Temperature Data 4-6
4.2.2 Compost Moisture Content Data 4-9
4.2.3 Microbial Enumeraticn Data 4-9
4.2.4 Fate of Nitrocellulose in Compcst 4-9
4.2.5 Nenquantitative Observations 4-15

Y R ki ek el fo e e
E2R S DRSSO MM/ E DN S Tt




TABLE OF COMTENMTS

(continued)
ction Title Page
4.3 Discussion 4-21
4.3.1 Fate of Nitrocellulose in
Compost Piles 1 and 2 4-21
4.3.2 Temperature/Aeration
Control and Menitoring 4-22
4.3.3 Compost Moisture Content
and Remizing 4-23
4.3.4 Microbial Population 4-23
5 COMPOST PILES 3 AND 4 5-1
5.1 Compost Pile Design, Construction, and
Operation 5-1
5.1.1 Test Variables 5-1
5.1.2 Test Soil and Bulking Agents 5-1
5.1.3 Compost ¥Mixing/Pile Construction  5-5
5.1.4 Operations Schedule 5~6
5.2 Results 5-6
5.2.1 Compost Temperature Data 5-6
5.2.2 Compost Mcisture Content Data 5-9
5.2.3 Microbial Enumeration Data 5-9
5.2.4 Fate of Nitrocellulose in Compost 5-9
5.2.5 Nonquantitative QObservations S-24
5.3 Discussicn 5-24
5.3.1 Fate of Nitrocellulose in Com-
post Piles 3 and 4 5-24
5.3.2 Temperature/Aeration Control
and Monitoring 5-24
5.3.3 Compost Moisture and Remixing 5~25
5.3.4 Microbial Populaticns 5-25
8 CONCLUSIONS AND RECCMMENDATICONS 6-1
7 LITERATURE CITED 7-1
APPENDIX A - USATHAMA AMALYTICAL METHOD LYO2
APPENDIN B - KMNIGHT REEL AUGGIE MIXER
SPECIFICATIONS
APPENDIX C - RAW DATA
vi
57278
TR e e T




; - Table No.

3-1

4-1

. 57278

S
o

LIST OF TABLES

Title Page
Concentrations of NC in Test Soils,
Collected from Dredge Spoil Basin
No. 1, BAAP 3-7
Bulk Densities of Materials Used in
Compost Piles 1 and 2 4-2
Materials Balance of Compost Pile 1 4-3
Materials Balance of Compost Pile 2 4-4
Operation Schedule at BAAP, Compost
Piles 1 and 2 4-7
Moisture Content of Compost Piles 1 and 2 4-12
Microbial Enumeration Data: Compost
Piles 1 and 2 4-14
Nitrocellulose Concentration in Bagged
Compost Sampies 4-18
Bulk Densities of Materials Used in
Compost Piles 3 and 4 5-2
Materials Balance of Compost Pile 3 5-3
Materials Balance of Compost Pile 4 5-4
Cperation Schedule at BAPP Compost
Piles 3 and 4 ‘ 5-7
Moisture Content of Compost Piles 3 and 4 5-13
Mean Percent Moisture
Microbial Enumeration Data Compost
Piles 3 and 4 5-15
Mitrocellulose Concentration in Bagged
Compost Samples - Pile 3 5-18

vii

A W il A 5 e B . 3 B K e i it 50 e K L




Fiqure No.
2-1
3-1

3-2

4-1

4-~2
4-3
4-4
4-5

4-6
4-7

4-8

5-2
5-3
5-4
5-5

57278

5
LIST OF FIGURES

Title

Location of BAAP in Wisconsin

Location of Ccmposting Test Pads, Badger
Army Amwnition Plant

Overview Schematic Diagram of Compost Pile,
Badger Army Ammunition Plant

Cross—-Sectional Schematic of Compost Pile
with Roof, Badger Army Ammuniticn Plant

Location and Relationship of Dredge Spoil
Basins and Settling Ponds, Badger Army
Ammunition Plant

High and Low Ambient Temperatures -
Phase I, BAA? Composting Project

Mean Temperature in Compost Pile 1
Mean Temperature in Compost Pile 2
Moisture Content of Compost Piles 1 and 2

Concentration of Nitrocellulsse in
Compost Pile 1

Concentration of Nitrocellulose in
Compost Pile 2

Concentration of Nitrocellulose in
Bagged Compost - Pile 1

Concentration of Nitrocsllulose in
Bagged Compost Pile 2

High and Low Ambient Temperatures -
Phase II, BAA? Composting Project

Mean Temperature in Compost Pile 3
Mean Temperature in Compost Pile 4
Mean Temperature in Compost Piles 3 and 4

Moisture Content of Compost Piles 3 and 4

viii

bl St e s 1 1 Ll




Fiqure No.

5-6

5-9

5-10

5-11

5-12

57278

LIST

OF FIGURES

(continued)

Concentration of
Compost Pile 3

Concentration of
Compost Pile 4

Concentration of
Bagged Compost -

Concentration of
Bagged Compost -

Concentration of
Bagged Compost -

Concentration of
Bagged Compost -

Concentration of
Bagged Compost =

Title

Nitrocellulose in
Nitrozellulose in
Nitrocellulose in

Pile 3 -~ 5 percent

Nitrocellulose in
Pile 3 -~ 15 percent

Nitrocellulose in
Pile 3 ~ 30 percent

Nitrocellulose in
Dile 3 -~ 60 percent

Nitzrocellulose in
Pile 3 -~ 80 percent

ix

O

ot AR P o] T

L T




SECTION 1

EXECUTIVE SUMMARY

A field-scale demonstration of static pile composting to decen-—
taminate nitrocellulose-contaminated soils was condiv.-:ed at the
Badger Army Ammuniticn Plant (BAAP). In additior, the geten~
tizl applicability of composting lor destructici ¢ NC pracuc-
tion waste (NC fines) was investigated. Compostiny at 2M3F is
a biological treatment process in which contaminated "o.:1 oOr
sediment is mixed with bulking agents/carbon sources (~:I:i'anic
materials such as alfalfa and manure) to enhance micz:obial
metabolism and destruction of soil contaminants.

The primary objective of this study was to evaluate the utility
of aerated static pile composting as a technology for NC fine
remediation and destruction of NC-contaminated soil. Second-
ary objectives of this study included an evaluation of the ef-
ficacy of thermophilic (55°C) versus mesophilic (35°C) comdost-
ing, determinaction of a maximum soil loading rate, and a com-
parison of different process control and material handling
strategies. These objectives werz met by conducting the field
demonstration described in this report.

Two compost piles were established during each of two consec-
utive test pericds. Temperature was the primary test variable
investigated during Phase I of the project. Of the two piles
studied during this phase, one (pile 1) was maintained at ap-
proximately the mesophilic temperature optimum (35°C) and one
at approximately the thermophilic temperature optimun (55°C).
Compost piles are self-heated when energy released from nmicro-
bial metabolism of crganic matter is trapped within the compost
matrix. Therefore, no external heat sources were reguired.
Vacuum (drawn) aeration was uszd to remove excess heat and to
maintain aerobic conditions within the compost piles.

The ability to compost at different soil loading rates was the
primary variable distinguishirg the two piles established dur-

ing Phase II. Soil lcading was increased from 19 percent (by
welght) in the Phase I piles to 22 percent in pile 3 and 32.5
percent in pile 4. Temperature within both piles was main-

tained in the thermophilic range based upon the degradation
achieved in Phase I. Bags c¢f compost containing NC concentra-
tions as high as 80 percent (by weight) were placed within pile
3 to investigate degradation c¢f NC at high concentrations. The
mixture to be composted in all four piles was prepared by mix-
ing soil contaminated with NC fines with alfalfa, feed, wood
chips and/or mulch, and cow manure. The piles in Phase I ac-
tively composted for 151 days. The initial concentrations of
NC were 908 mg/Xg for pile 1 and 3,039 mg/kg for pile 2 at
time-zers>. At the end of the study period, the concentrations

1-1

5728B

A 31 ok ol ki Bk Sl ot




‘£ NC were reduced to 6351 mg/kg and 54 mg/kg for piles 1 and 2,
‘espectively. Mean percent reductions of NC in piles 1 and 2

rere 28 percent and 98 percent, respectively.

'he two piles (3 and 4) established for Phase 1I of the BAAP
>roject actively composted for 112 days. The initial NC con-
rentrations were 7,907 mg/kg in pile 3 and 13,086 mg/kg in pile
t, The final concentrations of NC were 30 mg/kg in pile 3 and
t6 mg/kKg in pile 4. These data represent mean percent reduc-
:ions in NC concentration of 99.6 percent and $9.9 percent, re-
spactively. Significant reducticns were also observed in con-
taminant levels in the NC-spiked bags, with only the 80-percent
JC concentration exhibiting little degradation.

These data indicate that composting is a feasible remediation
technology for decontaminating NC-contaminated soils and sedi-
nents. In addition, composting at high loading rates appeurs
to be a viable option for destruction of NC fines.

1-2
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SECTION 2

INTRODUCT ION

2.1 STATEMENT OF THE PROBLEM

The manufacture and handling of explosives and propellants has
resulted in soil and sediment contamination at U.S. Army muni-
tions facilities as a result of previously acceptable waste
disposal practices. One such contaminant is nitrocelluleose, a
propellant commonly used in munitions and rocket motors. Out-
of-specification NC (NC fines) are produced during NC manufac-
ture and present problems for disposal. The fines also are of
concern becav:e of the risk of environmental contamination.

The United States Army Toxic and Hazardous Materials Agency
(USATHAMA) 1s currently investigating several technologies for
remediating NC-contaminated matrices and disposing of NC
fines. Among the candidate technologies 1s composting.
USATHAMA has previously conducted lakoratory- and pilot~scale
tests of this technology (Doyle et al., 1986). Results of
these studies were encouraging and warranted a field-scale dem~
onstration. This report describes the results of a composting
field demonstraticn for NC destruction that was cenducted at
the Badger Arny Ammunition Plant (BAAP). WESTON initiated this
field demonstration in April 1988.

2.2 BACKGROUND IMFORMATIOM

Composting is a process in which organic materials are biocde-
graded by microorganisms, resulting in the producticn of or-
ganic and inorganic byproducts and energy in the form of heat.
This heat is trapped within the cocmpost matrix, leading to the
self-heating phenomenon characteris+tic c¢f composting. Ccmpost-
ing is initiated by mixing biodegradable organic matter (NC in
the present study) with organic carbon sources and bulking
agents, which are added to enhance the porosity of the mixture
to be composted. SBulking agents may also provide additional
organic carben to the microorganisms. In this report, the term
"bulking agents” is used to refsr to materials that provide
both porosity and degradable organic matter.

The environment in a compost matrix is substantially different
from the environment within aerocbic scils in that the matrix to
be composted has a much higher concentration of organic mat-
ter. This organic-rich environment leads to intense microbial
metabolic activity and the production of heat. The producticn
of metabolic heat and the insulative properties of the compost
matrix create a self-heating environment that serves to further

2-~1
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stimulate microbial activity. If left unchecked, temperatures
may readily exceed 70°C, a temperature that inhibits most mi-
croorganisms and leads to a decline in metabolic activity.

Composting is applicable to the remadiation of soils contami-
nated with any biodegradable ccmpound(s). Materials and facil-
ities required include a biodegradable organic substrate, bulk-
ing agents to increase the porosity and organic carbon concen-
tration of the mixture to be composted, water, a containment
structure to prevent contaminant migration, mixing equipment,
and a means to provide oxygen to the composting materials. Pa-
rameters that affect the efficiency of the composting process
include temperature, moisture content, and chemical and bioclog-
ical characteristics, as well as the concentration of the or-
ganic substrate, the concentration of inorganic nutrients such
as nitrogen and phosphorus, heat retention characteristics of
the compost, and the partial pressure of oxygen within the com=-
posting material.

Microorganisms that catalyze the composting process and degrade
organic constituents are generally present in the materials
used to prepare a compost mixture. No supplemental organisms
are typically required. Special circumstances may exist where
supplementary microorganisms may be useful, but this was not
the case in the present study.

Composting may be implemented at one of three general levels of
technology. These levels differ in the degree of manipulation
and process control attained. Consequently, costs increase at
higher technological levels. At the lowest level, the material
to be composted is simply shaped into the form of a pile and
allowed to self-heat. Water and/or autrients may be added.
However, air exchangs is poor and temperatures may fluctuate
widely within the composting materiil. Periodically turning
the material increases aeration but process control remains
negligible. This level of technolecgy 1s coften referred to as a
"windrow" system, so named because of the long rows of narrow
compost piles typically employed.

At the next tachnolcgy level, an aeration/heat removal svstem
is utilized %c increase process control over the composting
system. The aeration/heat removal system typically takes the
form of a network of perforated pipe underlying the compost
pile. The pipe is attached to a mechanical blower and air is
periodically drawn or forced through the compost to effect aer-
ation and heat removal. This level of technolcgy is often re-
ferrad to as a "static pile.™

At the highest technology level, a system of enclosed compost-
ing vessels and automated materials handling egquipment is used
(in addition to an aeration/heat removal system) to produce a
continucus treatment prccess. This type of system is often re-
ferred to as "in-vessel” ccmposting.

2-2
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Composting is widely used to stabilize wastewater sludges and
municipal refuse in the United States and Europe (Biocycle Spe-
cial Report, 1987). The primary objectives of refuse/sludge
composting are to:

@ Reduce the volume of waste or sludge.

® Reduce the moisture content of the composting material,

L Destroy potentially odorous nitrogen and sulfur con-
taining organic compounds.

. Destroy pathogenic microorganisms.

. Stabilize the compost material for ultimate disposal.

Since sludge and refuse are generated continuously, these ob-
jectives are best met by a composting system designed for rela-
tively rapid turnover of incoming wastes. The rate of waste
disposal must approximate the rate of waste loading for waste-
water and refuse facilities to operate efficiently. In con-
trast, the primary objective of hazardous materials composting
is to convert hazardous substances into innocuous products for
ultimate disposal. Rapid processing is desirable, but remains
gsecondary to successful trzatment of the waste. Thus, while
hazardous materials composting systems share many of the char-
acteristics of sludge and refuse composting systems, copera-
tional parameters will differ according to the primary objec-
tive of the process.

Composting is a ccmbination of biological and engineering proc-
esses. Biological aspects of the process that require manage-
ment include optimizing environmental conditions c¢o enhance mi-
crobial growth and maximizing contaminant destruction within
the compost pile. Engineering aspects requiring attention in-
clude materials handling, composting facility design and opera-
tion, and process control systems. Both biolecgical and engi-
neering requirements must be addressed to provide a cost-effec-
tive and successful treatment process.

A number of studies have demonstrated the aerobic biotransfor-
mation of euplosives and propellants. Successful composzing of
explosive- and propellant-contaminated soils has been achieved
at both luaboratory- and pilot-scales. These studies have in-
dicated that composting is a feasible technology for the treat-~
ment of soils contaminated with propellants and explosives. To
assess composting of propellant-contaminated soils, WESTON con-
ducted a field-scale demonstration on-site at BAAP. This re-
port details the findings of that project and includes recom-
mendations for future work and full-scale implementation.
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2.3 LITERATURE SUMMARY

Nitrocellulose (NC) is a highly substituted cellulose that is
used as a propellant for munitions and rocket motors. Synthe-
sized from cotton or wood pulp, NC may contain from 11.ll-per-
cent nitrogen (cellulose dinitrate) to 14.S-percent nitrogen
(cellulose trinitrate) (Riley et al., 1984).

While not considered toxic, the EPA water quality criteria for
turbidity and solids deemed protection of the aquatic environ-
ment from NC contamination a necessity. The fibrous nature of
the compound can pose a hazard to benthic communities by elimi-
nating interstitial habitats and reducing oxygen levels by
"blanketing"” the sediment., These concerns are further com-
pounded by NC's relative resistance to biodegradation under am-
bient environmental conditions (Ryan, 1986).

In studies examining the biodegradation of NC, Brodman and De-
vine (1981) reported a significant release of extractable ni-
trate from the test matrix, which they believe was attributable
to microbial hydrolysis of NC. After adjusting the data for
controls, a 0.203-percent release of nitrate from a l-percent
nitrocellulose concentration was reported. Howsver, Riley et
al., (1984) reported a 0.005-percent release of nitrate from a
five-fold greatsr quantity of NC. After analyzing for nitrate,
nitrite, ammonia, and nitrogen-gas production, which would have
been indicative of NC degradation, they concluded that NC was
not susceptible to microbial attack.

Atlantic Research Corporation examined the susceptibility of NC
to microbial degradation in a composting system. Using 14C
labeled NC in BAAP site soil, they demonstrated a rapid degra-
dation of NC with substantial evolution of 14C0,. Overall
average recovery of 14C was 106.2 percent with a standard de-
viation of 12.4 percent (Doyle et al., 1986).

2.4 SITE BACKGROUMD

BAAP is located cn a 7,354-acre site in Sauk County, Wisconsin
(see Fiqure 2-1). Constructed in 1942, the plart operated in-
termittently over a 33-year period, preducirg single—~ and
double-base propellants for rocket, cannon, and small arms
ammunition. BAAP's production facilities and support facili-
ties were placsd on standby status in March 197S.

During the plant's period of active operation, various chemical
materials wera produced, and the associated wastes and manufac-~
turing byproducts dispcsed of through practices both common and
acceptable at the time. The wastes included acids, nitrogly-
cerin, and NC. As a result of the disposal practices, contami-
nation of soils, the undarlying aquifer, and, to some extent,
surfacs waters have occurred.
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2.5 CBJECTIVES

The primary objective of this study was to evaluate the utility
of aerated static pile composting as a technology for NC fine
remediation and destruction of soils contaminated with NC.
Secondary objectives of this study included an evaluation of
the efficacy of thermophilic (55°C) versus mesophilic (35°C)
composting, determination of a maximum soil loading rate, and a
comparison of different process control and material handling
strategies. Aspects that were not part of this investigation
included:

L Toxicological evaluation of the initial soil, NC, or
the final compost residue.

L) Minimization of carbon supplements and bulking agent
utilization.

o Determination of transformation products.

. Determination of an engineering design and management
plan for full-scale implementation.

° Process cost analysis.

2-6
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A SECTION 3
MATERIALS AND METHODS

' This section contains information on materials ind methods that
b pertain to all four compost piles studied at BAAP. Information
specific to compost piles 1 and 2 or 3 and 4 is presented in
Sections 4 and 5, respectively.

3.1 COMBOSTING TEST FACILITIES

The composting test facilities were located on a graded area
adjacent to the BAAP wastewater treatment plant (see Figure
3-1). Two 6-inch~thick concrete test pads (28 feet x 38 faet)
- were constructed over a 6-inch layer of sand and mesh. Each
s pad contained a 4-inch concrete berm along three sides of the
perimeter to contain any runoff. The pads drained via a 4-inch
i PVC pipe to a 6 feet x 8 feet x 6 feet sump. Liquids contained
. in the sump were reapplied to the ccmpost during remixing. How-
ever, if the wvolume contained within the sump became exces-
sive, the contents were tested and discharged under the re-
quirements of the NPDES-permitted treatment system. The pads
were ccvered by a wooden Dkeam-supported, corrugated tin roof
(14 feet eavs height). This structure protected the piles from
weather and minimized the amount of moisture collected in the
sump dus to precipitation.

! A mixing pad was also constructed to provide a solid, nonperme-
able surface for materials handling. The mixing pad was com-
posed of a concrete slab with 6-inch steel mesh and grade beams
along the edges. Rebar was added to provide increased resis-
tance to cracking along the edges.

BAAP provided 110~V and 220~V power and a water supply.
3.2 BULKING AGENTS/CARBON SQURCES

A cow manure slurry was obtained from the U.S. Dairy Forage Re-
search Center. Primarily a liquid, the manure provided carbon,
micrebes, nutrients, and moisture to the compost matrix.

Alfalfa, strcaw, and horse feed wers obtained from 1local dis-

' tributors. In Phase { (piles 1 and 2) of the BAAP project, one

. half of the purchasaed alfalfa was fed through a mixer to break
up the larger grasses and produce a more ilcmogeneous mixture.
In Phase II (piles 3 and 4), only unchopped alfalfa was added
to the compost mixture in an attempt to increase the porosity
: of the pile. Baled straw was used to contain the pile con-
tents, and was arranged in a ring around the perimeter of each
pile (see Figqure 3-2). Sawdust and hardwood and softwood
mulch were obtained from local suppliers and used to construct

- 3.1
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WWESTE

the pile bases, provide additicnal bulking material, and to in-
sulate the piles (see Figure 3-3).

3.3 MIXING SYSTEM

A Knight 2000 Series Reel Auggie mixer from Knight Manufactur-
ing Corporation in Broadhead, Wisconsin (see Appendix B), was
used for preparing and remixing the compost mixture. The mixer
was powered by an external drive-shaft connected to a tractor,
which rotated large stainless steel augers within the mixing
bin. After mixing, the compost was emptied through a hydraulic
ramp into a front-end loader bucket and transported to the com-
posting pads. The mass of the material in the mixing bin was
monitored using an installed computerized scale.

3.4 TEST SOiL

Test soils were excavated from Dredge Spoil Basin No. 1 at BAAP
(see Figqure 3-4). A front-end loader was used to remove the
overlying sod and excecvate the underlying seil. The soil was
loaded into a dump truck and transported to the mixing pad,
where it was homogenized and sampled for analysis of the ini-
tial NC concentration. The soil was covered with a plastic

tarp until the day of use.

Excavation of test soil for piles 1 and 2 was performed on 12
April 1988. Approximately & cubic yards of soil were removed
from the center of the basin. The test material was dark
brown, moist, and richly organic in appearance. On 26 Septem-
ber 1988, approximately 7 cubic yards of soil were excavated
for use in the constructicn of piles 3 and 4. The soil was re-
moved from an area adjacent to the excavation site for piles 1
and 2. All compost, soil, and bulking agents from Phase I were
disposed of in Dredge Spoil Basin No. 1 in an area removed from
the site of soil excavation.

The NC concentrations in the test soils for Phase I and Phase
ITI of the BAAP project are presented in Table 3-1.

3.5 MATERIALS HWAMDLIMNG EQUIPMENT

A front-ond loader, equipped with a l-cubic yard bucket, and a
dump truck were used to transport soil from the dredge spoil
basin to the test sits. A Knight 2000 Series Reel Auggie mixar
was used to homogenize the soil and the mixture to he compost-
ed. A farm tractor was used to power the drive shaft that
turned the augers within the mixer. Horse feed was stored in
grain bins until used. Smaller-scale materials handling activ-
ities were performed with hand tools such as rakes, shovels,
and pitchforks.

57298

TP SNy e A L

i ot Lo BB T e 0, e S50 2 A A B e e R

v,
» ")



Root

14
Wood chip
R
Leachate Hay 4 co;irs:nd
collactica bale (2 Compoﬁt lee —
\ 1
\ﬁ/&’/" ‘ ‘;i//@ M ////‘
R TRy s L
- l s ’ ’, - .
./17 li//«:\/i/i \/ , ~ \V / /\f /\’\ (‘\/ ‘/\/\ /i :‘-[\
\/:/\/ Pl \'/l_ Ventllaﬁon pipe N /\;’\\/_/\/\ (/\
. o ‘ N .-""‘ - s \—. *
= Concrete pad (18'X30°X8" thick) ' /J

Note: Schematic only, not to scala.

Figure 3-3. Cress-secticnal echematic of compost pile
with root, Badger Army Ammunition Plant.
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Table 3-1

Concentrations of NC in Test Soils, Collected
from Dredge Spcil Basin No. 1, BAA?P
(concentrations in mg/kg)

Date Collected NC Concentration
4/12/88 18,800 = 1,347
9/26/88 17,027 £ 4,358

= = 1 standard deviation.

3-7
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3.8 CCMPOST TEMPERATURE/AZRATICON CONTROL

Each compost pile contained a system of perforated and nonper-
forated polyethylens pipe (4 inches in diameter) that was
placed on top of the wood chip bases and connected to an ex-
plosion-proof Peerless PW-12 radial blade blower (single-phase,
2-hp, 860-scfm, 6~inch static pressure). The blowers were used
to pull air through the compost piles to promote aeration and
remove excess heat (see Figure 3-2).

Blower cycling was controlled by both timer and temperature
feedback systems. The feedback system consisted of soil
thermistors that measured compost temperature and panel-mounted
Fenwal Series 551 thermistor sensing temperature controllers.
Timer control was obtained by programmable timer relays mounted
in the thermistor control panels.

The thermistor controllers had low- and high-temperature set-
point values that were operator-set. The low and high set-
points on the thermistor controller in the mesophilic compost
pile (pile 1) were 31°C and 35°C, respectively. The corre-
sponding values for the thermophilic piles (2, 3, and 4) were
51°C and 55°C. After pile construction, the Dblowers were
placed on timer control (40 seconds on per 20-minute cycle) to
provide oxzygen to the piles while minimizing heat removal dur-
ing the startup phase. After the piles reached operating tem-
pera:ure (2 to 3 days), blower control was automatically trans-
ferred to the temperature feedback system.

The temperature feedback system provided three functions. When
the pile temperature, as registered by the thermistor, was: be-
low the low set-point, the blower operated on timer control;
between the low and high set-points, the blower did not oper-
ate; above the high set-point, =he blower operated continuously
until the compost temperature (as monitored by the thermistors)
fell below the high set-point.

When the compost temperature was kelow the low set-point, the
blower operated intermittently (timed on/off cycling) to aerate
the pile with minimal cooling. When the compost temperature
was between the low and high set-points, the blowers did not
operate in order to allow the compost pile to reach the high
sat-point, When the compost temperature exceeded the high
set-point, the blowers ran continuously to lower the compost
temperature to just below the high set-point. When the blowers
were on, compost temperatures were lowered by both evaporation
and the passage cof cool ambient air through the pile. 1In this
way, compost temperatures could theoretically be controlled
near tha optimum levels. The temperature ranges sought during
this study were 35 =4°C and 55 %4°C for piles 1 and 2 (respec-
tively), and 55 24°C for piles 3 and 4.

5729B




e T e gy

3.7 COMPOST TEMPERATURE MONITORING

The temperature monitoring system consisted of five landfill
probes in each pile that constantly monitored the temperatures
in discrete regions of the pile over time. The probes were
placed in identical regions within both piles to monitor the
variation in temperature at different vertical and longitudinal
sectors.

The toe and heel of each pile was monitored at mid-depth, and
the central region was monitored at the base, mid-depth, and
top. All 10 probes (5 per pile) relayed temperature data to an
Omega 10-channel temperature recorder/logger that was housed in
the site trailer. The recorder program allowed monitoring of
the pile temperatures at discrete intervals over time. Temper-
ature data were printed for each of the 10 probes every 4 hours.

During Phase I of the BAAP project, the 10 temperature probes
were placed as follows. Probes 1 through 5 were placed in pile
1. Probe 1 was placed at mid-depth. one-third of the way back
from the toe of the pile. Probe 2 was placed at mid-depth in
the pile, immediately adjacent to the tce (blower end) of the
pile. Probe 3 was placed at mid~depth, in the heel of the
pile. Probe 4 was placed 1 foot under the surface of the cen-
ter of the pile. Probe 5 was placed at the bottom of the pile,
two~thirds of the way back from the toe, and immediately adja-
cent to the side cf the pile.

The locations of probes one through five in pile 1 corresponded
directly to the locations of probes six through ten in pile 2.
The same probe locations were used in Phase II (piles 3 and 4).

Additional temperature data were collected during visits using
a hand-held temperature probe with a digital temperature me-
ter. Nine data points were obtained for each pile: longitudi-
nally in the toe. mid, and heel; and vertically at the base,
mid-depth, and top. The probe was calibrated against the
thermistors at the initiation of the project. 0On 15 November
1988 (day 49), the electronics in the temperature recorder/log-
ger were rendered incperable during a lightning storm. Temper-
ature data were collected every two to three days frem that
time until the final samples were taken £reom piles 3 and 4 (6
January 1989). The hand-held temperature probe with the digi-
tal meter was used to obtain these data.

3.8 MICROBIAL EMUMERATION

The population density of heterotrophic microorganisms was de-
termined for compost samples from all four piles. One gram of
compost was asceptically transferred into 90 ml of sterile 0.1
M RoHPO4 buffer and agitated by hand for 2 minuces. Large
particles were allowed to settle after agitation. The compost
extract was serially diluted into sterile phosphate buffer (1

3~9
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ml extract into 9 ml buffer) to a dilution of 10-9. Each di-
lution was either spread-plated or pour-plated onto nutrient
agar plates (Difco Laboratories). Duplicate plates of compost
extracts from piles 1 and 2 were prepared, and one plate from
each duplicate set was incubated at 35°C and 55°C for 5 days.
Total colony counts were made after days 2 and 5 of incuba-
tion. Extracts of piles 3 and 4 compost were plated in dupli-
cate, with both plates in the set incubated at 55°C to encour-
age growth of the thermophilic population. The total number of
microbial (bacterial and fungal) colonies on each plate was
used to calculate the number of colony-forming units (cfu) per
gram of dry compost.

3.9 ANALYTICAL METHODS

3.9.1 TOC, TKN, and Lead

Analyses for tntal Kjehldal nitrogen (TRN) and lead were con-
ducted according to procedures outlined in Standard Methods for
Chemical Analysis of Water and Wastes (U.S. EPA 600/4-79-020,
1979). TOC analysis was by the Loss-On-Ignition method
(Stromm, 1976).

3.9.2 Propeliants

Compost samples were analyzed for nitrocellulose according to
USATHAMA Method LY02 (see Appendix A), modified for the extrac-
tion and analysis of compest.

Steps used in sample preparation and analysis were as follows.

3.9.2.1 Sample Extraction and Preparation

General Method: A solid sample was extracted with acetone us-
ing ultrasonic agitation. A portion of the extract was dried
and washed with a methanol/water solution to remove endogenous
nitrate and nitrite salts. The washed sample was then dis-
solved in acetone and hydrolyzed by treatment with agqueous po-
tassium hydroxide at an elevated temperature, causing nitrite
ion to be cleaved from the nitrite ester. Procaine was
diazotized in an acid solution, which in turn reacted with
N,N-dimethyl-l-napthylamine to produce a dye with maximum
absorbance at 510 nm. .

3.9.2.2 Spactrophotomatric Analysia

A Perkin-Elmer Lambda 3 Dual Beam UV/VIS spectrophotometer was
used to analyze the BAAP compost samples for NC. Calibration
checks were performed prior to and following each individual
sampla.

3-10
57298




3.9.2.3 QA/QC Samples

The following QA/QC samples were analyzed with each batch of
compost samples:

Method blank.

2x standard spike.

10x standard spike.

10x standard spike duplicate.

Samples were prepared as described in Subsection 3.9.2.1, with
the exception that USATHAMA-standard soil was used as the sam-
ple matrix.

3.9.3 Percent Moisture Datermination

Triplicate samples of compost material were weighed in a tared
aluminum tray and dried overnight at 105°C. Compost samples
used for percent moisture determinations were subsamples of
compost analyzed for nitrocelliulose. The samples were reweigh-
edlthe following day and the percent moisture calculated as
follows:

Percentage Moisture = (water loss/original weight) x 100.

3.10 TEST PERICD AMD SAMPLIMG

Four compost piles were constructed at BAAP during the period
from April 19838 to January 1989. The first set of compost
piles (piles 1 and 2) was set up on 28 April 1988 and was
terminated on 26 September 1988 (151-day test period). Phase
IT of the project (piles 3 and 4) was initiated on 27 September
1988 and terminated on 17 January 19892 (1ll2-day test periocd).

Samples were taken from the compost with a soil auger (Forestry
Suppliers, Inc.). The auger had a 3-inch-diameter stainless
steel auger bucket and a 5-foot-long extension handle. Sam~
pling was initiated by scraping the cover materials on the com-
post pile away to expose the compost below. The auger was in-
serted approximately 24 to 30 inches into the ccmpost pile and
a core sample removed. Samples were taken below the longitudi-
nal axes of the piles, 2 to 3 feet belcow the apex. A minimum
of 5 and as many as 10 core samples were removed from each com-
post pile and analyzed at each sampling time-pcint. Samples
were packed in amber bottles and shipred by overnight freight
using chazin-of-custody procedures. Additicnally, 40-ml bottles
were packed with compost and shipped overnight for percent
moisture determinations and microbial enumerations.

The exhaust air from the blower system was sampled three times
during Phase I of the project. Activated charcoal was used as
a trapping medium.

3-11
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3.11 COMPOST PILE REMIXING

The compost piles were remixed during both the Phase I and
Phase II test periods. Hand tools were used to scrape the wood
mulch and sawdust off the piles, thus exposing the compost ma-
trix underneath. A front-end loader transported the compost
from each pile individually to the mixer, where a total pile
weight was determined and recorded using the computerized
scale. Water from the sump was used to add moisture to the
compos3t mass, and was pumped via a pressured hose into the mix-
er while the augers were in motion.

After the contents of the pile were well homogenized and re-
moistened, the compost material was returned to the pads using
a front-end loader and the piles were rebuilt. Samples were
taken of the remixed material.

3-12
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SECTION 4

COMPOST PILES 1 AND 2

4.1 COMPOST PILE DESIGN, COMSTRUCTION, AND OPERATICN

4.1.1 Test Variables

The test variable in compost piles 1 and 2 was temperature.
Pile 1 was operated to maintain compost temperatures in <the
mesophilic range (35 =4°C). Pile 2 was operated to maintain
compost temperatures in the thermophilic range (55 %4°C).

4.1.2 Test Soil and Bulking Agents

The mixture to be composted in piles 1 and 2 consisted of BAAP
soil excavated from Dredge Spoil Basin 1 on 12 April 1988 (see
Table 3-1), feed, softwcod mulch, whole and chopped alfalfa,
and cow manure. Bulk density measurements were obtained for
each of the pile components and the final compost mixture. A
spring scale with a 50-lb capacity was tared to the weight of a
hanging steel bracket, and the mass of three separate buckets
of tap water was recorded. The volume of the bucket was calcu-
lated from these data using the known density of water. Trip-
licate samples of the compost materials were weighed and the
bulk densities determined (see Table 4-1).

Basad on visual inspections of the soil particle size, previous
pilot-scale studies (Doyle et al., 1986), and data obtained
during WESTON's field demonstration at LAAP, a materials bal-
ance for the compost mixture components was developed. The in-
itial NC concentration contained in the soils used in piles 1
and 2 was approximately 18,800 mg/kg, or 1.8 percent. This
concentration was reduced by dilution when the bulking agents
were mixed with the test soil during preparation of the compost
mixture. As the maximum concentration of NC that could be com-
posted without proving inhibitory to thne indigenous microbial
population had not been identified, small bags of compost con-
taining higher levels of NC were incorporated into the pile.
Approxzimately 400 grams of the compost mixture were spiked with
NC fines and well homogenized to yield contaminant levels of
approzimately 3 percent, 5 percent, 7.5 percent, and 10 percent
(by weight). The spixed compost was placed in triplicate sets
of small nylon bags and placed at mid-depth in the heel of the
piles (the area farthest from the blower).

The materials balance utilized for piles 1 and 2 is presented
in Tables 4-2 and 4-3.
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Table 4-1

Bulk Densities of Materials
Used in Compost Piles 1 and 2

Mean Bulk Density

Material (1b/yd3)
Soil 1,468
Manure 1,622
Alfalfa (whole) 16
Alfalfa (chopped) 138
Feed 916
Mulch 170
Compost mixture 916
4-2
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Table 4.2

Matsrials Balance of Compost Pile 1

’ Volume Mass Percent

- Material (yd3) (1b) Volume Mass
Soil 1 2,100 2 19 o
Feed 2 1,730 3 16
Mulch 4 760 7 7
Manure 3 4,820 5 45
Alfalfa (whole) 46 750 75 7
Alfalfa (chopped) _4 620 7 _6
Total 62 10,780 100 100

Note: Volume measurements are approximate; materials were
measured by weight.
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Table 4.3

Materiais Balance of Compost Pile 2

Volume Mass Percent

. Material (ydd) (1b) Volume Mass
Soil 1 1,940 3 19
Feed 2 1,680 4 17
Mulch S 8490 12 8
Manure 3 4,680 7 46
Alfalfa (whole) 27 440 64 4
Alfalfa (chopped) 4 ___550 9 _S
Total 42 10,130 100 100

Note: Volume measurements are approximate; materials were
measured by weight.

-4
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4.1.3 Compost Mixing/Pile Construction

s Piles 1 and 2 were constructed using the following sequence:

- ] Coataminated soil was collected on 12 April 1988,
homogenized and piled on the concrete mixing pad using
; the front-end loader.

] Pile construction was initiated on 28 April 1988.
: L Bulk densities were determined for each of the pile
components.
: o Wood chip bases (7.5 feet x 13 feet x 8 inches) were

i constructed, aeration piping laid on top, and an ad-

ditional 3 inches of wocd chips placed over the piping
v to prevent compost from entering the pipe. Pipe con-
‘ nections were secured with snap connectors and duct
tape. Nonperforated pipe wias used from the blowers
through the "T" junction in the toe of each pile and
perforated piping was used from the junction to the
capped ends (see Fiqure 3-1). Straw bales were placed
along three sides of the base to prevent the material
to be composted from sliding off the base. These
bales also reduced air short circuiting, provided in-
sulation, and kept the insulating blanket from sliding.

L Scil, alfalfa (both whole and chopped), feed, softwood
mulch, and 30 pounds of P:N:K (13/13/13) fertilizer
were mixed in the Rnight Reel Auggie until a homogene-
ous mixture was achieved. The ccmputerized scale was
used to record the individual ccmponent weights.

L The mixer was pulled to the USDFRC, where liquid cow
manure was pumped into the mixer. The slurry was addsd
until visual inspecticn revealed saturation of the

components.

L The mixer was returned toc the test site, where a hy-
draulic ramp on the mixer emptied the contents into
the bucket of a front-end loader. The compost was

then transported to the appropriate test pad.

. The nylon-bagged spiked compost samples were placed at
mid-depth in the hesl of each pile, and then covered
with the remaining compost mixture. Nylon tags with
the bag identification wers placed within each bag,
and also at the ends of attached nylon strings which
were run out of the sides of the piles to facilitate
sampling.

RN R T T e

o e e T

] The remainder of the mixture to be composted was
placed onto each pile, and straw bales placed along
the open side.
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WESTEN

o Thermocouple and thermistor probes were placed at pre-
determined regions of each pile, thus providing synon-
ymous data for each sector within the two piles. The
10-channel temperature recorder/logger was set at time
zero and programmed to print out data every 4 hours.

o Each pile was covered with 5 cubic yards of sawdust
plus 1 cubic yard of softwood mulch to provide insula-
tion.

o The thermistor-activated temperature controller was
set to timer operation (40 seconds per 20-minute
cycle).

° Samples of the time-zero mixture to be composted were

taken immediately after pile construction, and shipped
overnight to WESTON for analysis.

4.1.4 Oparations Schedule .

Piles 1 and 2 were maintained and sampled during the test peri-
od according to the operations schedule presented in Table 4-4.

4.2 RESULTS

4.2.1 Compost Temperature Data

The following temperature records were maintained for piles 1
and 2 <‘hroughout the . :udy:

L Temperacure recorder/logger: data printout from the
1C temperature probes every 4 hours.

. Hand-held 1landfill temperature probe: temperature
profile of each pile taken during site visits.

* Ambient high and low'air temperatures: recorded daily
by BAAP (Figure 4-1).

Data obtained with the 10 temperature probes were considered
the most representative of Piles 1 and 2 as five discrete re-
gions of the piles were simultaneously monitored every 4 hours,
Temperature data on piles 1 and 2 are presented as follows:

4-6
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Table 4-£

L Operation Schedule at BAAP
- Compost Piles 1 and 2
T Day Date Event
T - 12 April S0il excavated and sampled for NC.
‘ 0 29 April Pile construction. Temperature control

systems and recorders activated. Time 0
: compost and aylon-bagged spiked concen-
: . trations sampled. Analyses: TOC, NC.

! 19 18 May J-week samples taken. Analyses:
| TOC. NC.
39 7 June 6-week samples taken. Piles remixed and

rewatared. One set of nylon-bagged
spiked cocmpest samples removed from
each pila. Sump sampled. Analyses: NC.

54 22 June 8 -week samples taken. Analyses: NC, TOC.

438 6 July l0~-weak samples taken. Exhaust air
from blowers sampled. Analyses: NC,
intermeadiates, TCC, TKN.

97 4 August l4-weak samples taken. Remainiang aylon-
bagged spiked composh samples removed
from each pile 2nud 4l.ipped to WESTON for
analysis. Analyses: KC.

151 26 September Piles 1 and 2 disassembled. Samples
taken of final compost mixture,
Analyses: NC.
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Figure Data

4-1 High and 1low ambient air temperatures
during Phase I of the BAAP demonstra-
tion.

4-2 Mean daily compost temperatures in pile
1.

4-3 Mean daily compost temperatures in pile
2.

4.2.2 Compost Moisture Content Data

The moisture content of compost piles 1 and 2 ranged from 27
percent to 65 percent over the test period (see Table 4-5).
Linear plots of the percent moisture in the compost versus time
are presanted in Fiqure 4-4.

4.2.3 Microbial Enumaration Data

The plate counts demonstrated the existence of significant het-
erotrophic microbial populations capable of growth at both 35°C
and S55°C in both piles (see Table 4-6). Visual inspection of
the colony morphologies provided an indication of the microbial
diversity. Microbial colonies wers characterized on the basis
of size, color, shape (round versus variegated), and opacity.
While both the thermcphilic and mescphilic composts yielded vi-
able populations of microbes, a greater diversity in microbial
colonies was observed in the mesophilic populations. One mor-
phology (white, opaque, round, approximately 1 mm in size) was
observed in qreat quantities in the thermophilic microbial enu-
merations.

4.2.4 Fate of Mitroc2llulose in Comnost

The soil excavated from Dredge Spoil Basin No. 1 on 12 April
1988 contained an average cof 18,800 = 1,347 mg/Xg of NC (based
on 5 samples). Total NC concentrations at time zero were 908
mg/kg in pile 1 and 3,039 mg/kg in pile 2. The calculated
theoretical NC content of piles 1 and 2 at time zero was 3,670
mg/kg and 3,608 mg/kg, respectively. After 182 days, at the
termination of the study, mean total NC concentrations in piles
1 and 2 were 651 mg/kg and 54 mg/kg, respectively. These data
represent mean percent reductions in NC concentrations of 28
percent in pile 1 and 98 percent in pile 2. However, the an-
alytical data on day 70 and day 97 samples of pile 1 indicate
that ©NC concentrations were reduced by 90.6 percent and 57.8
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Table 4-5

Molsture Content of Compost Pliles 1 and 2
(Mean Percent Moisture)

Week Pile 1 Pile 2
0 60.8 61.1
3 47.8 ' 50.4
6 (before remix) 61.5 47.1
(after remix) 65.3 64.6
8 65.9 65.4
10 61.3 64.1
14 48.0 56.5
22 27.3 50.6
4-12
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Table 4-6

Microbial Enumeration Data: Compost Piles 1 and 2
(cfu/gram compost)

Pile 1 Pile 2
Week (Mesophilic) (Thermophilic)
0 4.1 x 107 1.4 x 103
3 10.3 x 197 3.3 x 107
6 54 x 107 *
8 24 x 107 *
10 1.6 x 107 *
14 8.6 x 107 *

*Plates covered by a white, translucent, variegated film of
microbes.
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percent, respectively. Linear plots of these data are present-
ed in Figures 4-5 and 4-6. As illustrated by these figures,
the concentration of extractable NC in pile 1 samples increased
and peaked during the first 42 days of the test period and sub-
sequently decreased to lower levels. The initial NC concentra-
tions reported for the mesophilic pile (No.1) are believed to
be in error.

Analysis of the bagged, spiked ccmpost samples was performed at
day 0, day 42, and day 97. However, the contents of some bags
were lost due to disruption of the nylon. 2Analysis was per-
formed in triplicate on the day 97 samples that were recovered.
The results of the analyses on the bagged compost samples are
presented in Table 4-7. Linear plots of the bagged NC concen-
trations versus time are presented in Figures 4-7 and 4-8.

TOC analysis revealed no significant decreases throughout the
test period in Piles 1 or 2. At time zero, TOC in the mixture
to be composted was 113,833 mg/kg. At the 3-week sampling
point, the TOC values were 323,666 mg/kg and 348,333 mg/kg for
Piles 1 and 2, respectively. At week 10, *these values were
316,200 mg/kg (pile 1) and 351,200 mg/kg (pile 2).

As discussed in the schedule of operations, the exhaust from
the blower system was sampled at two time-points. Analysis re-
vealed that at 10 times the detection 1limits, no 2,4-DNT or
2,6-DNT was observed in the activated charcoal used to sample
the emissions from the blower systems.

4.2.5 Monquantitative QObservations

Extensive fungal growth was observed in both piles 1 and 2,
particularly in the regions farthest from the blowers. The com-
post covered with fungal mycelium was distingquished by its
light gray color; tough, fibrous texture; and drier composition
than the surrounding material. The fungus was primarily limited
to the lower two thirds of the "heel" region in both of the
piles. Extensive fungal growth was also observed in the nylon
bage.

The piles, particularly pile 1, settled significantly by week
14. This settling reflected a decrease in the structural sup-
port provided by the bulking agents. This was confirmed by the
decrease in porosity observed by sampling with the core auger.
The peripneral layer of compost was dry and hard, but the cen-
tral region was still quite warm and moist. This difference in-
dicated that air flow through the compost matrix was restricted.

4-15
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Table 4-7

Nitrocellulose Concentration in
Bagged Compost Sampies

Day

Pile Theoretical NC
(mg/kq)

NC Analysis

(mg/kg)

42

42

97

97

1,2 30,000
50,000
75,000
100,000

6,447
12,963
15,568
23,605

15,294
38,676
57,680
67,198

209
378
587
2717

162
386
1,203
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IWESTEEN

A change in odor and appearance of the compost matrix was ob-
served on day 97. The manure-like smell associated with the
center of the pile decreased noticeably, ard a slight ammonia-
like smell was detected from the deeper regicns of pile 2. The
compost became noticeably more homogeneous in appearance, with
fewer large pieces of alfalfa or mulch present as the test pe-
riod continued.

4.3 DISCUSSION

4.3.1 Fate of Nitrocellulose in Compost Piles 1 and 2

The initial concentrations of NC in both piles 1 and 2 were
reduced during the 15l-day test period (see Figqures 4-5 and
4-6). This was particularly evident in pile 2, which exhibited
a 98 percent reduction in extractable NC from time-zero. In
contrast to these results, Pile 1 appeared to demonstate an in-
itial increase in contaminant concentration from 908 mg/kg of
NC to 4,933 mg/kg in the first 39 days. After 68 days, how-
ever, the NC concentration in pile 1 had been reduced to 80
mg/kg (91 percent reduction from time-zero), with a final NC
concentration of 651 mg/kg at day 151 (28 percent reduction
from time-zero). These discrepancies in the data for pile 1
may be due, in part, to error in the time-zero NC data or to
inadequate homcgenizaticn of the compost materials for pile 1.
The soil used was a cochesive, loamy scil that tended to bind
and form lumps; this, compounded by the inherent wviscidity of
cow manure, may have caused small regions of higher or lower NC
concentration within pile 1. However, the variation obtained
from analyzing different samples indicated that, in general,
good mixing and homogeneity were achiseved. In addition, the
rate of NC destruction can be expected to vary at different lo-
cations within the compost pile. Thererore, greater variation
in NC content would be expected at earlier stages of the com-
posting process. However, these possibilities seem to be in-
adequate to explain the low NC concentrations observed in pile
1 at time-zero. An exhaustive review of the sampling.
analysis, and calculaticn records was conducted, but no errors
were discovered to account for the pile 1 time-zero data.

The results of the NC-Spiked nylon bag experiment were gener-
ally encouraging, particularly for the bags placed within pile
2 (thermophilic). Greater than 99 percent reduction was obser-
ved after 97 days in all of the bags placed within pile 2 (see
Figure 4-8). However, the bags placed within pile 1 displayed
an initial increase in extractable NC, further supporting the
idea that the time-zero NC data were in error (see Figure 4-7).
Total NC degradation in pile 1 bags was greater than 90 percent
after 97 days. As can be seen from these results, NC levels as
high as 10 percent do noct apvear inhibitory, and it appears
probable that NC could be compousted at higher levels than those
tested.
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Both the rate and extent of contaminant degradation in compost
piles 1 and 2 indicated that the thermophilic temperature range
appears to be superior to the mesophilic temperature range.
However, the mesophilic and thermophilic temperature ranges
were not able to be maintained as distinctly as desired in
piles 1 and 2. Therefore, this is only a tentative conclusion.

4.3.2 Temperatura/Aeration Control and Monitoring

Temperature in pile 1 (mesophilic) reached higher 1levels than
desired after day 55. Although the blower ran constantly in an
attempt to cool the pile, the temperature would not decrease to
the desired level.

Two factors contributed to the difficulty in maintaining a con-
stant temperature in pile 1. One, the formation of "hot spots”
(discrete regions of increased temperature) was observed in
both piles throughout the test period. If the thermistor
probe, which relayed temperature data to the blower control
system, was located in a cooler region than the surrounding
area, the blower would not be temperature-activated and the
overall pile temperature would increase. Conversely, if the
probe was located in a "hot spot," the blower system would be
activated continually, thus potentially cooling the pile unnec-
essarily. On one occasioa, the thermistor probe was located
within a "hot spot," approximately 12 inches in diameter while
the rest of the pile was substantially cooler than desired.

The second facter affecting pile temperature was the difficulty
in maintaining porocsity within the compost matrix. A noticeable
"settling” of the piles, particularly in pile 1, was observed
at the 1l4-week sampling point. This compaction and loss of
porosity obstructed air flow within the pile, thus decreasing
the blower's ability to maintain desired temperatuces.

The decrease in porosity was not uniform throughout the pile
and resuited in uneven air flow. It was observed during the
pile remix that the compost between the aeration piring was
noticeably wetter than the surrounding compost. This was indi-
cative of reduced evaporative moisture loss caused by a de-
crease in air flow.

The top portions of both piles werz generally warmer than the
lower regions. Two nonexclusive explanations may account for
these observations. First, air will tend to follow the route
of least resistance through the compost pile by traveling the
shortest possible distance which, in the case of the compost
piles, would be through the base of the piles. The cooling ef-
fects resulting from such air flow would lead to lower temp-
eratures at the pile base c¢cmpared toc the top. Second, heat
generated in the base of the pile will tend to rise through the
matrix, thus increasing the accumulation of heat in upper re-
gions of the pile.

4-22
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4.3.3 Compost Moisture Content and Remixing

Periodic moistening of the compost was required to maintain an
appropriate moisture content, particularly during the unusually
dry and hot summer months in which Phase I of the BAAP project
was active. Thz evaporative moisture loss caused by hot and
dry ambient air through the piles was potentially substantial.
Periodic remixing of the compost to provide moisture also fa-
cilitated the efficiency of the composting process. Remixing
homogenized the compost and maximized contact of the soil con-
taminants with the active microbial biomass. Remixing also
created a more homegenecus temperature profile within the pile
by breaking up clumps that formed as the compost mixture dried.

4.3.4 Microbial Paopulation

The data obtained from the microbial enumerations suggest sev-
eral trends. The overall species diversity appeared greater in
mesophilic compost samples than in samples obtained £from the
thermophilic compost enumerations. However, the same morpho-
logical type was also observed repeatsdly in the mesophilic
compost samples. The microbial population density tended to be
slightly greater in the mesophilic pile while the rate and
extent of NC decradation was greater in the thermophilic pile.
These results, however, may reflect selectivity exerted during
the isclation and enumeration of the compost microflora.
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SECTION 5

COMPOST PILES 3 AND 4

5.1 COMPOST PILE DESIGN, CONSTRUCTION, AND OPERATION

5.1.1 Test Variables

The test variable in compost piles 3 and 4 was the degree of
soil loading within each pile. Soil loading was increased from
the 19 percent used in piles 1 and 2 to 22 percent in pile 3
and 32.5 percent in pile 4. These parameters were designed to
investigate the reduction of NC at higher concentrations and
the ability to effectively compost at higher soil loading
rates. Both piles were planned for operations in the thermo-
philic temperature range (553 +4°C) based upon the degradation
rates observed in Phase I.

§.1.2 Test Soil and Bulking Agents

The mixture to be composted in piles 3 and 4 consisted of BAAP
soil excavated from Dredge Spoil Basin 1 on 26 September 1988
(see Table 3-1), feed, woodchips, unchopped alfalfa, and cow
manure. The NC content of this soil was 17,027 +4,358 mg/kg.
The woodchips and whole alfalfa were used in Phase II to in-
¢rease the porosity of the compost matrix. Bulk density meas-
urements were obtained for each of the pile components using
the same method as that employed in Phase 1. The bulk densi-
ties of the pile components are presented in Table 5-1.

Based on the results observed in Phase I of the BAAP project,
data from the field demonstration at LAAP, and desired soil
loading rates of approximately 25 percent in pile 3 and approx-
imately 35 percent in pile 4, a materials balance was developed
for the pile components. The initial NC concentration in the
rest soil was 17,027 +4,358 mg/kg, a concentration that was re-
cuced by diluticn when the bulking agents were mixed with the
soil. To further investigate the degradation potential at
higher levels of NC concentraticn, bagged samples of spiked
compost were prepared for placement in one of <the piles.
Spiked NC concentrations in this phase of the study were ap-
proximately 5, 15, 30, 60, and 80 percent by weight. Four sets
of triplicate samples of each concentration were placed in ny-~
lon bags, which were enclosed in a polyethylene mesh sleeve to
reduce the risk of disruption of the bags.

Tables 5-2 and 5-3 present the materials balance used for piles
3 and 4, respectively.
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Table 5-1

Bulk Densities of Materials
Used in Compost Piles 3 and 4

Mean Bulk Density

Material (1b/yd3)

Soil 1,701.6
Manure 1,564.5
Alfalfa 173.4
Feed 1,080.6
Woodchips 610.5




Table 5-2

Materiais Balarice of Compost Pile 3

Volume Mass Percent

Material (yd3) (1b) Volume Mass
Soil 1.50 2,550 11.8 22.2
Alfalfa 5.2 904 40.9 7.9
Feed l.6 1,776 12.6 15.5
Wocdchips 0.7 440 5.5 3.8
Manure 3.7 5,800 291 _50.6

Total 12.7 11,470 100.0 100.0

Note: Volume measurements are apporoximate; materials were
measured by weight.

5-3
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Table 5-3

Materials Balance of Ccmpost Pile 4

Volume Mass Percent

- Material (yd3) (1b) Volume Mass
. Soil 2.6 4,400 19.3 32.5
Alfalfa 4.1 710 30.3 5.2

Feed 1.6 1,700 11.9 12.6
Woodchips 1.4 830 10.4 6.1

Manure 3.8 _5,9%00 28.1 43.6
Total 13.5 13,540 100.0 100.0

Note: Volume measurements are approximate; materials were
measured by weight.
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5§.1.3
Piles

57308

Compost Mixing/Pile Construction

3 and 4 were constructed in the following sequence:

Contaminated soil was excavated on 26 September 1988,
homogenized using the front-end loader, piled on the
concrete mixing pad, and covered.

Pile construction was initiated on 27 September 1988.

Bulk densities were determined for each of the pile
components.

Woodchip bases (6 feet x 10 feet x 4 inches) were con-
structed, aeration piping laid on top., and an addi-
tional 4 inches of wocdchips placed over the piping.
The bases were constructed to be smaller than in Phase
I to form a more compact pile that would retain heat
better during cold weather. Pipe connections were se-
cured with snap connectors and duct tape. Nonperfo-
rated pipe was used from the blowers through the “T“
junction and perforated piping was used through the
junction to the capped ends (see Figure 3-2). Straw
bales were placed along all sides of the pile to con-
tain the compost. However, in Phase II, the bales
were laid on the widest side and stacked two high to
better retain heat and contain the mass of the pile.

Soil, feed, alfalfa, woodchips. and 30 pounds of P:N:K
(13/13/13) fertilizer were mixed in the Knight Reel
Auggie until a homogeneous mixture was achieved. The
computerized scale was used to record the individual
component weights.

The mixer was pulled to the USDFRC, where liquid cow
manure was pumped in the mixer. The slurry was added
until wvisual inspection revealed saturation of <the
components. ‘

The mixer was returned to the test site, where a hy-
draulic ramp on the mixer emptied the contents into
the bucket of a front-end loadsr. The compost was
then transported to the appropriate test pad.

Three sets of the nylon- and polyethlene-bagged
compost samples were placed at mid-depth in pile 3.
The sets were placed in the heel region, and the set
designad for removal at pile takedown was placed in
the center. The Dbags were then covered with the
remaining compost mixture. Nylen tags with the bag
identification were placed within each bag, and also
at the ends of attached nylon strings which were run
out c¢f the side of the pile to facilitate sampling.
The fourth set of bags was placed on ice and shipped
to WESTON via covernight freight for time-zero analysis.

5-5




o The remainder of the mixture to be composted was
placed onto each pile, and straw bales placed along
the open side. :

® Thermocouple and thermistor probes were placed at pre-
determined regions in each pile, thus providing synon-
ymous data for each sector within the two piles. The
10-channel temperature recorder/logger was set at
time-zero and programmed to print out data every 4

hours.

° Each pile was covered with 5 cubic yards of sawdust
plus 1 cubic yard of softwood mulch %o provide insula-
tion.

o The thermistor-activated temperature controller was
set to timer operation (60 seconds per 1,300-second
cycle)

° Samples of the time-zero mixture to be composted were

taken immediately after pile construction, and shipped
overnight to WESTON for analysis.

5.1.4 OQOparations Scheduls

Piles 3 and 4 were maintained and sampled during the test peri-
od according to the operations schedule presented in Table 5-4.

5.2 RE3IULTS

5.2.1 Compost Temperature Data

The following temperature records were maintained for piles 3
and 4 in Phase II of the BAAF study:

° Ambient high and locw air temperatures: recorded daily
by BAAP (Figure 5-1).

° Hand-held landfill temperature probe: temperature
profile of each pile taken during site visits.

L Temperature recorder/logger: data printout from the
10 temperature probes every 4 hours.

A lightning storm on 15 November 1988 (day 97) rendered the
temperature recording system incperable. Temperature data were
collected every two to three days from that time to the termi-
nation of the study (6 January 1989) by using the hand-held
temperature probe. A 9-point temperature profile of each pile
was taken manually, the data recorded on-site and the results
telephonad to WESTON perscnnel. Data cbtained witn the 10 tem-
perature probes were considered the most representative of con-
ditions within the piles as five discrete regions of the pile
were simultaneously monitored every 4 hours for 97 days.

5-6
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Table

5-4

Operation Schedule at BAAP Compost Piles 3 and 4

Date

Event

29

49

101

112

26 September

27-28 September

26 October

15 November

6 January

17 January

Soil excavated and sampled for
NC.

Pile construction. Temperature
control systems and recorders
activated. Time-zero compost
and nylon-bagged spiked concen-
trations sampled for NC.

A-week samples taken. One set
of bags removed from pile 3.

Piles remixed and rewatered
with sump contents. 7-week
samples taken of remixed com-
post, and one set of bags re-
moved from pile 3. Analysis:
NC.

l4-week samples taken. Remain-
ing set of bags removed from
pile 3. Analysis: NC.

Piles 3 and 4 disassembled.

55

e TSR

P

Sl

5730B




00}

19sfoid Bupsoduwion gyyg 4 aseud
- sainjesadwa) Jusique moj pue ybiH °1-g 3.nB|4

(4) mo + B ubiy
(shep) euny,
- 08 09 ov 0z
| ] L ] | ] 1 L l

otis-iet

€2-

gi-

|~ Cl-

I
e
(2.) auneiadwsy,

— 12

- ot

5-8




Y
oot hed

N Yo/ ENSPGORLIN

Temperature data on piles 3 and 4 are presented as ‘ollows:

Figure Data

5-1 High and 1low ambient air temperatures during
Phase II of the BAAP project.

5-2 Mean daily compost temperatures in pile 3 (ther-
mophilic).

5-3 Mean daily compost temperatures in pile 4 (ther-
mophilic).

5-4 Mean daily compost temperatures in pile 3 versus
pile 4.

5.2.2 Compost Moisture Content Data

The moisture content of compost piles 3 and 4 ranged from S58.7
percent to 26.2 percent (see Table 5-5). Linear plots of the
percent moisture in the ccmpost versus time are presented in
Figure 5-5. Raw data on compost moisture content are presented
in Table C-10 in Appendix C.

5.2.3 Microbial Enumaration Data

The plate counts demonstrated the existence of an indigenous
microflora capable of growth both in the thermophilic tempera-
ture rangs and at higher levels of NC concentration (see Table
$-6). Micrcbial colonies were characterized on the basis of
size, color, shape (round versus variegated, etc.). and capa-
city. Enumeration of the colony morphologies observed provided
an indication of the microbial diversity. OCne morpholegy in
particular (white, opaque, round, approximately 2 mm in size)
was cornsistently observed in great quantities.

5.2.4 Fate of Mitrocellulose in Comnost

The soil excavated from Dredge Spoil Basin No. 1 on 26 Septem-
ber 1988 contained an average of 17,027 +4,358 mg/kg of XNC.
Total NC concentrations at time-zero were 7,907 mg/kg in pile 3
and 13,086 mg/kg in pile 4. After 101 days, at the termina-
tion of the study, mean total NC concentrations in piles 3 and
4 were 30 mg/kg and 16 mg/kg, respectively. Thess data repre-
sent mean percent reduction in NC concentrations of 99.6 per-
cent in pile 3 and 99.9 percent in pile 4. Linear plots of
these data are presented in Figures 5-6 and 5-7.

Analysis of the bags of spiked compost was performed at day 9,
day 29, day 49, and day 101. The analytical results a.e pre-
sented in Table 5-7. As 1illustrated by Figures 5-8 through
5~12, the contaminated levels were significantly reduced in all
but the 80-percent NC-spiked samples. Very little degradation

5-9

5730B




i
1
|
o 1
= ‘
= ‘
L. O
[+=]
)
2
a
L d
8
e 8 o
E
o
Q
— =
- m -
g o ,
= k=] 3 |
o
@ -
E a
I~ =
E
2
=
[
b~ o
- P
=
o
uw
@
T
— 3
k=g
(.
-
N
* e
7 i j T | T ] T i e .
< [=1 =1 < 8 < (=] [=] =] (=] < facd
S (=] w ™~ [F¢] - el N - 0
S
(9) asnyziaduiay ueey
5-10




0ot

-y ojid 1sodwos uj aInesadway ueapy ‘£-G anbi4

(sAep) oun),
08 09 ov

0¢

WEIS-I28

- 01

— 0c

-0t

i 4

- 0§

— 0L

- 08

— 06

001

{0} einmizyadie) usey

5-11




oot

‘t pue ¢ s9)jd 1sodwod uj anjesadway ueayy “p- aunbig

vond + gold [
(shep) suny
08 09 ov 02 0
_ i I i | I | ]
.
(]
W -
" ]
\ 1
V|4
s 7]
Py n
L i -
/]

71 [

NEtG-121

ot

0¢

(1

oy

0s

0L

08

06

6ot

(D) asmiads 1@y,

5-12




WWESTSSN

Table 5-8

Moisture Content of Compost Piles 3 and 4
Mean Percant Moisture

- Week Pile 3 Pile 4
. 0 55.7 58.7
| 4 26.2 37.3
, 7 (after remix) 48.8 44.6
14 29.2 34.0
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Table 5-6
Microbial Enumeration Data
Compost Piles 3 and 4
Pile 3 Pile 4
No. of No. of
. Week cfusgram Compost Colony Types cfus/gram Compost Colony Types
0 1 x 106 2 1.2 x. 10° 2
4 3 z 106 3 5.5 x 107 .4
7 1.5 x 107 .5 5.0 x 107 5
5-15
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Table 5-7

Nitrocellulose Concentration in
Bagged Compost Samples - Pile 3

Theoretical NC Analyzed NC
Day (mg/kqg) {mg/%g)

0 50,000 14,309
150,000 65,507
300,000 114,527
600,000 218,627
800,000 164,436

29 15,784
36,033
73,611
219,712
158,724

49 1,430
21,000

5,199

144,297

( no data)

101 1,662
{ no data)

2,455

68,811

203,003
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was observed through day 2% in the 80-percent samples; the
slight increase in NC levels at day 101 is believed to be a re-
sult of problems in the extraction process.
NC was not detected in the sump at week two.

5.2.5 Nonquantitative Chservations

Heavy fungal growth was observed in the outer 4 inches of pile
4, particularly in the regions farthest from the blowers. The
compost covered with the fungal mycelium was distinquished by
its light gray color; tough, fibrous texture; and drier compo-
sition than the surrounding material.

The significantly settled piles, particularly pile 3, had hard-
ened by week 14 of the test period. The compost in pile 3 was
dry and extremely hardened, and by the end of the test periocd
was complet=2ly frozen.

The compost in pile 4 became noticeably more homogeneous in ap-
pearance by week 14 of the test period.

5.3 DISCUSSICH

5.3.1 Fate of Mitrocellulose in Compest Piles 3 and 4

The concentrations of nitrocellulose were significantly reduced
during the ll2-day test period of compcst piles 3 and 4 (see
Figures 5-6 and 5-7). Both piles exhibited greater than 99.5
percent reduction in NC from time-zero; this is particularly
encouraging in light of the fact that the initial soil loading
was increased from the 19 percent utilized in piles 1 and 2 to
22 percent in pile 3 and 32.5 percent in pile 4. Equally en-
couraging are the results from the NC-spiked bag experiments
(see Figures 5-8 through 5-12). The contaminant levels were
significantly reduced from levels as high as 60-percent NC by
weight, with little or no destruction observed in only the 80-
percent NC-spiked samples. The final concentration of NC in
these bags at the end of the study was still relatively high.
Howaver, there appears to be no inherent reason why these lev-
els coculd not be taken to the same low levels observed in the
bulk mixture using the composting process.

5.3.2 Temperature/Aeration Qontro! and Monitoring

As can be seen in the plots of daily temperature in piles 3 and
4 (Figures 5-2 through S5-4), the temperature in pile 3 decreas-
ed quickly after day 75. This temperature drop was a function
of two factors: the peorosity in the pile was greatly diminished
as a result of settling; and the ambient air temperature had
substantially decreased (see Figure 5-1). The temperature in
pile 4 also decreased, but leveled out in the mesophilic C tem-
perature range. However, as shown in Figures 5-5 and 3-6, the
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majority of the NC degradation occurred within the £first 30
days of the project.

Decreased air flow as a result of settling was not as much of a
problem in piles 3 and 4 as in piles 1 and 2. This was most
likely due to the addition of wood chips in the initial compost
matrix, which increased the porosity of the pile and allowed
more efficient aeration.

As in Phase I, the top portions of piles 3 and 4 were generally
warmer than the lower regions.

5§.3.3 Compost Moisture and Remixing

Periodic moistening of the compost was required to maintain an
appropriate (above 40 to 45 percent) moisture content for the
microbial populations. One remixing was undertaken during the
test period to accomplish this. However, regular (two to three
times per week for approximately 2 hours) watering of the piles
using a hose was halted after day 50 because of the formation
‘0of ice on the insulative blanket.

5.3.4 Microbial Populations

The data obtained from the microbial enumerations suggest
several <trends (see Table 5-6). Both piles contained viable
populations of thermophilic organisms capable of growth at
55°C. The number of both colony forming units/gram and the
number of morpholcgies/gram increased over time in both piles.
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" SECTION 6
CONCLUSIONS AND RECOMMENDATIONS

The results of this field demonstration indicate that compost-—-

P ing is a feasible technology for reducing the extractable ni-
trocellulose concentration in contaminated soils. In addition,
this field demonstration provides tentative evidence indicating
that NC can be degraded when incorporated into a mixture to be
composted at a high concentration. This indicates that com-
posting may be appropriate for the disposal of NC fines.

The data obtained in the "bag" experiments indicate that NC
fines can be degraded if incorpecrated into a mixture to be com-
posted at a level much higher than the 3,000 to 13,000 mg/kg
present in the Phase I and Phase II piles. Destruction of NC
was observed within small quantities of compost specially pre-
pared to contain (by weight) approximately 3, 5, 7.5, 10, 15,
30, and 60 percent NC. However, these small bags were placed
in a mixture generally containing less than 1 percent NC and
which composted effectively. Although it appears that NC can
be degraded at concentrations as high as 60 percent, it has not
been established that a large quantity (several cubic yards or
more) of a mixture to be composted which contains these high NC
concentrations will compost effectively. Investigating this
issue should be the focus of an ongoing research and develop-
ment effort. The data obtained would be applicable to existing
problems at both the BAAP and Radford AAP.

In the bags prepared to contain 10 percent NC and placed in
pile 2, NC was reduced from 23,600 mg/kg to 97 mg/kg. In the
bags prepared to contain 30 percent NC and placed in pile 3, NC
was reduced from 114,527 mg/kg to 2,455 mg/kg at the end cf the
test periocd. During the investigation NC concentraticns in the
2,500 mg/kg range were demonstrated to be reducible to below 50
mg/kg. Therefore, it is likely that with additional time and/
or manipulation, a compost mixture starting at 114.527 mg/kg or
higher coculd also be reduced to below 50 mg/kg.

The separation of mescrhilic and thermophilic temperature
ranges in Phase I was not as satisfactory as that achieved in
the Louisiana Army Ammunition Plant (LAAY) field demonstration
(Williams et al., 1988). This was primarily due tc the consis-
tency of the horse manure/straw used at LAAP compared to the
cow manure used at BAAP. Although not quantified. the BAAT
mixture appeared to be much less porous than the LAAP mixture.
Cow manure, while effective for achieving composting, is diffi-
cult to work with in that it becomes crusty upon drying, there-
by further decreasing porosity.
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This lower porosity at BAAP reduced the ability of the aeration
system to maintain the mesophilic temperature range. Signifi-
cantly more air flow is required to maintain 35° than 55°C.
However, the data obtained in Phase I at BAAP suggest that
thermophilic temperatures were more conducive to rapid NC des-
truction than mesophilic <temperatures. Consequently, ther-
mophilic conditions were sought for both piles in Phase II.

Effective composting was achieved at all soil. loading rates
tested (19, 22, and 32.5 weight percent). During Phase II, the
32.5-percent soil pile maintained temperature for a longer per-
iod of time than the 22-percent soil pile. Consequently, soil
loading rates at least as high as 32.5 percent should be usa-
ble if full-scale implementation is undertaken.

Successful composting will 1likely occur at sediment loading
rates up to, or possibly exceeding, 50 weight percent (provided
that parameters such as moisture and contaminant concentration
are within favorable ranges). Maximizing the proportion of
sediment or soil in mixtures to be composted will enhance the
economic feasibility of the treatment process by minimizing
bulking agent/carbon scurce usage, as well as treatment time
for a given site. The quality of the organic carbon regquired
to prepare the mixture to be composted and to facilitate deg-
radation of the contaminants should also be investigated since
this will directly affect costs.

Effective composting at BAAP was initiated and maintained under
harsh climatic conditions. These conditions included abnormal-
ly hot and dry surmer weather. This performance demonstrates
the resilience of tha composting process to ambient weather
conditions.

The use of wood chips, sawdust, or other materials to form a
base and insulating cover for compost piles should be discon-
tinued. A portion of this material inevitably becomes incor-
porated into the compost during remixing. Thus, previously un-
contaminated and generally nondeqradable materials become con-
taininated and increase the volume of waste to be treated.

Concrete composting pads with aeration pipes located below
grade would eliminate the need for wood chip bases and would
also reduce short-circuiting of air through the base mate-
rial. A form-fitting <cover 0nf £fiberglass or other suitable
insulation would provide an inert, air-permeable, insulative
blanket for cecmpost piles. This type of cover could be used
repeatedly. Short-circuiting of air in the compost matrix
almecst certainly occurred during the present study.

Designing the shape of and supporting structure for a compost
pile to force air tc flow through the compost in one direction
only would minimize short-circuiting. An enclosed vessel or
bin with an aeration pipe below the bottom of the mixture to be
compeosted and an open top would lixely resolve this problem.

5730B




o

Triangular-shaped (cross-section) static piles are probably not
ideal for a full-scale treatment process, although they served
well to demonstrate proof of concept in the present study.
Actual site remediaticon or NC fine disposal calls for a com-
posting system capable of handling a relatively continuous in-
flux of material to be decontaminaced. A series of four or
more vessels or bins as described previously would allow com-
posts of increasing age to be in process and moved, mixed, and
moistened periodically, as well as allow for semicontinuous
loading of incoming wastes.

The compost piles constructed at BAAP tended to dry out rapid-
ly, creating less than optimal conditions for microbial meta-
bolism and contaminant destruction. Saturating all air entering
the compost piles with water vapor may be a useful addition to
the treatment process. Alternatively, liquid-phase water could
be continuously or semicontinuously applied to compost piles,
but it could cause lesachate production and may noct be evenly
distributed. The compost mixture should be periodically mixed
to achieve good surface contact. Water can be added relatively
easily at these remixing time points.

Developing a mixing system suitable for processirg propellant
and/or propellant-contaminated soil is a requirement. The sys-
tem must achieve good homogeneity, handle materials with high
bulk densities such as soils, and meet all safety criteria.

An improved, automated temperature control and monitoring sys-
tem is required. An improved system would consist of at least
six thermocouple probes placed in esch compost pile and a
microcomputer-based monitoring/control system te regulate the
cperation of the blower(s). At the basic level of operation,
temperatures measured by the thermocouples would be averaged by
the computer, and this average temperature would be used to
control the cycling of the blowers. Enhancements could include
differential aeration to discrete areas within the pile in res-
ponse to temperature and moisture conditions, as well as auto-
matic recording and plotting of compost temperatures using a
spreadsheet software program.

Acceptable methiods for disposal of the final compost residue
should be evaluated. For example, criteria for disposal by
land application should be established by working with the ap-
propriate regulatory authority.

In conclusion, the present study demonstrated extensive reduec-
tion of solvent-extractable NC in compost after approximately 4
months of field-scale treatment. The exact fate of the NC
could not be determined, but microbial degradation is 1likely
the major fate processes. Refinements in the materials balance
for the material to be cocmposted, process contrel strategy, and
materials handling will serve to further optimize process and
cost efficiencies.

6-3
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NITROCELLULOSE IN SOIL

SUMMARY
A Analyte: Nitrocallulosa (NC)

B. Matrix: Scil, Sedimant, or Compost.

c. Ganeral Methed: A solid sample is extracted with
acetone using ultrasonic agitation. A portion of
ths extract is dried . and washed with a
methanol/water solution to remove andogenous
nitrate and nitrite salts. The washed sample is
then dissolved in acstone and hydrolyzed by
treatmaent with aquecus potassium hydroxide at an
elevated temperature. Nitrite ion is cleaved from
the nitrite ester which diazotizes procaine, in
acid solution, which in tuzn reacts with
N,N-dimethyl-l-napthylamine producing a dys with a
maximum absorbanca at 510 nm.

APPLICATION
A. Calibration Range: 250 = 30,000 ug/L.

B. Sensitivity: Not applicabla.
C. Reporting Limit: 13.0 ug/qg.

D. Intarferences: This mesthod could be subject to
matrix interferences from the sample. Endogencus
nitrats and nitrite should be completely removed
in the ex*raction process. .Other nitrats esters
which libarata nitrita under the conditiocns used
for hydrolysis cannot ba distinguishad from each
other.,

E. Analysis rate: Ten (10) samples can be extractad
and analyzed in an eight hour day.

F. Safaty Information: Nitrocellulose is a flammabla
solid and acetone is a flammable liquid. Open
flames and sparks should ba avoided at all times.

General laboratory safety procedures should be

observed whan handling nitrocallulosa (e.qg.
gloves, lab coats, and eyewear), )

A-l
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A. Glasgwars/Hardwara:

1. Volumetric Flasks: 100 ©L, 250 mL, 1 liter.
2. Class A Pipettas: 1 mL, 2 mL, 5 mL, 10 mL.
3. Eppendorf pipettas.

4. Eot plata.
5. 500 mL conical centrifugs tubes.

| 6. 10 mL glass vials.
Q"f 7. Sonic bath.

8. Balanca.

9. Beakezrs: 500 nL.
10. Whatman No. 42 ashless filtsr paper.

11. Funnals.

B. Instrumentation: Perkin-Elmer Lambda 3 Dual Beam UV/VIS
Spectrophotonatar

c. Analytes: Nitrocallulcse

o 1. CAS Number: 5004=70-0
EI j 2. Physical Properties: Mp = 160°9C (Ignites)
Bp = NHot Applicable

5 'f D. Reagants and Refarenca Materials (RM):

l. Nitrocmllulosa (0lin Chemicals): No Lot No.
(documentation of characterization attachad)

2. Phosphnric Acid (85%): Fisher Scientific
(ACS Grada).

{‘ -§ 3. N,N-Dimathyl=-l~naphthylanine. Kodak
o E (Reagant Grade).

4. Procaine {99%) Aldrich Lot ¥ 1523BX.

b 5. Potassium Hydroxide (XOH) (2N): Fisher
d 3 Scientific (Reagent Grade).

6. Acatone: Anmerican Burdick and Jackson
(High Purity ACS Grada).

A-2
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7. Acetic A:xid (10%): Fisher Scientific.
(Reagunt Grada).

8. Nitrogen Gas. {(Prepurified).

9. Methanol: American Burdick and Jackson (High
purity ACS Grads).

Iv. GALIBRATION
A. Initial Calibration.

1. Praparation of sStandards:

a. A stock nitrocellulesa calibration
standard is prepared by quantitatively
transferring 1,250 ng ot dried
nitrocellulosa into 2 one liter
volunatric flask and diluting to the
mark with acetone. Thas resulting stock
solution contains 1,250 mg/L NC.

b. An intermediata calibration standard is
prepared by diluting 10 mL of the stock
standard %o 100 mL in a volumetric flask.

e, Working calibration standards ara
preparad daily by diluting tha stock
standard according to the following
schedules in 250 nL volumetric flasks
(prepare two sats for pracertification):

CONCENTRATION mL OF INTERMEDIATE mL OF STOC!

STANDARD uG/L = g IQ ADD PER 250 ML 2ER 230 ML
: BLANK 0 Q ————-
0.5X 250 0.5 ———-

X 500 1.0 i
2X 1000 2.0 o=
5X 2500 5.0 ———-

10X 5000 10.0 -
20X 10,000 om—- 2.0
S0X 25,000 o 5.0
100X 50,000 - 1¢.0
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2. Instrumpent Calibration.

a. Set up instrument according to
manufactursr's recommandations.

b. Proceed with steps 1 through 12 in
Section VIII.

€. “Analyze the calibration standards.

d. Analyze & calibration chaeck standard as
in section 1IV.1.A. This standard is
prepared by a .second analyst on a
sgparate balancs using diffeLant
pipettas. This is praparad in the same
manner ag thae calibration standaxrd
except 1150 mg of NC i3 disaolved in 1
liter of acetone, instead of 1250 =mg. 5
mL of this stock is dilutad to 250 nL
final sample volume giving a final NC
concantration of 23,000 ug/L.

e. A sscond 50,000 ug/L working calibration
standard is analyzed after completion of
sampla analysis.

3. Analysis of Calibration Data:

a. Tabulate and plet the calibration
standard concentraticn versus response
(absorbance units) for each calibration
standard. Data are than subjected <to
USATHAMA LOF taest for linearity and 2T
test to datermine if the curve passes
through ths origin of a cartesian x-y
plot.

B. Daily Calibratiocn

] 1. Initial calibration will be performed daily,
e as per section IV.A.

V. CERTIFICATION TESTING

A, Preparation of Cartification Sanmples.

- 1. Utilize tha samne stock solution and
intermediata solution as described in section
IV.A.Ll.

4 2. In a saries of conical centrifugs tubaeg,
S place 10g of USATHAMA standard soil.

A<d4
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3. The scil samples are then spiked according to
the following schedula with tha stock
solutions prepared above:

rL OF STOCK nL OF INTERMEDIATZ TARGET

SAMPLE 4250 mg NC/L 325 mg NG/ Ue/G
BLANK 0 0 0
0.5X _———— 0.5 6.25
X ——— 1.0 12.5
2X - 2.0 25.0
5X - 5.0 62.5
10X - 10.0 125
20X 2.0 ewoo 250
50X 5.0 - 625
100X 10.0 mmee— 1250

4. Allow the spiked so0il samples to sit for at
least one hour befors procassing.

5. Extract and analyze according to Saction VII.
T HANDLING AND STORAGE

A. Sampling precedure: Normal precautions should be
takan to avoid contamination of the sanmple from
external socurces.,

B. Containers: Amber glass bottles with taeflon-lined
lids are acceptable. :

c. Storage Conditions: Cool to 4°¢.

D. Holding time limits: 7 days from tima of
sampling., .

E. Soluticn verification: Section IV.A.2.4d.

PROCEDURE
A. Praparation of Nitrocellulosa Reference Material:

1. Dry a portion of as-reczived NC under a
gentle str=zam of nitrogen. Place this
nitrogen dried material in a convection
oven at 105°C until a constant weight is
obtained.

2. Weigh 1,250 mg of dried NC and
quantitatively transfer to a one liter
volumetric flask with small pertions of

acetone, - Diluta to tha mark with
acatone for a final NC concentration of
1250 nmg/L.
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B. Extraction:

1. Waeigh 10g of as received sampla or
standard soil into a clean, dry conical
cantrifuge tuba.

2. Extract with 125 nlL of acetone by
placing in an ultrasconic bath for 30
ninutaes.

3. Filter the mixture using Whatman 42
ashless paper. The filtrata is saved.

4. Repeat steps 2 and 3 cne time, and
combine with filtrates in a 250 mnL
volumetric flask (do not dilute to 250
nL) .

5. Transfer 1 nL of the diluted filtrate to
a glass vial. Evaporata to dryness under
gentle stream of nitrogaen at ambient
tamparature.

s. Wash the residue with 2 al of a $0:10
methanol:water nixture to remnove
endogencus nitrata and nitrita.

7. Decant the methanocl/water wash and
discard,

8. Add 1 mlL of acstone and 1 aL of 2N
potassium hydroxide and 1 mnlL of water to
the sanpla,

9. This mixturs 1s placed in a hot water
bath maintained at 100°C, and hydrolyzed
for 30 minutas.

e 10. Following hydrelysis (step 9) the sanmple
S is acidified with 4 nL of 103 acstic
o acid.

11. The color reagent is prepared by

dissolving 0.35 g each of procains and
: N,N-dimathyl-l-napthylanine in 50%
L acetic acid in a 100 nlL volunmetric
) flask, and diluting to voluma with
additional 50% acatic acid.

12. Add 1 mL of color reagent. Aallow color
to det'a2lop for 90 minutes. After color
development, analyze as in Section IV.2.
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B. Chemical Reactions
Nitrocellulose is solubilized in acetone during the
extraction procass. Endogenous nitrats and nitrite are
removed from the dried acetone extract by washing with
aqueous methanol, Finally, nitrocallulese is
hydrolyzed to cellulesa and nitrite by the action of
aqueous potassium hydroxida at 100°C. Nitrite ion is
cleaved from the nitrita ester which diazotizes
procaine, ia acid solution, which in turn reacts with
N,N-dimethyl-l-napthylamine producing a dye with a
maximum absorbance at 510 nm.,
c. Instrumaental Analysis
1. Calibrate the instrumant as outlined in Section
Iv.
2. Analyze a calibration check standard.
3. Analyze samples.
4. Analyze a calibration check standazrd.
VIII. CALCULATIONS
A. Calibration data are entered into a calculator or
computar program for laast squares regression using the
responses as Y values and target concentrations as X
values. The program will calculate an egquation to
describe the data. The general form of the equatiocn is
Y=aX + b
where Y = rasponse
X = true concantration
a = slope of tha regressicn lins
b » ¥ intercept (X = 0)
B. Concentrations in samples arae derived from the least
squares ragression of the calibration data. Valuas of
a and b ara obtained from the computar regression
calculaticns,
c. The egquation in VI.A is rearranged to yield

X= (Y - Db)/a
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By substituting the sample rasponse (Y) into this
equation, the extract concentration may be obtained.
Many computer regression programs have this function as

an inherent capability.

The concentration in the original matrix is calculated
from

Concentration of NC in Original Matrix (ug/g) =

X *Extract Volunma (1)
Wt of Sediment (g)*Fraction solids

wherae X is in terms of ug/L NC.

IX. DAILY QUALITY COMNTROL

Aﬁ

Control Sanmples:

1.

Daily control samples are preparad in tha same
manney as certification samples daescribed in
Section V. A total of thras control spikes are
required on a daily basis: two at approximately
10x the CRL and onz at approximately 2x the CRL.

At lesast one method blank using USATHAMA Standard
Soil carried through the digestion procedure is
also analyzed with each analytical lot.

Control Charts:

1.

Averags Percent Racovery (X)

a. Tha initial control chart shall ba prepared
using the four days of csrtificaticn data
closest to the spiking concentration used
during analysis.

b. Values for the highest concentration freom the
certification data will be averaged to
datermine ths c¢antral line of the control
chart (%X).

c. Differances in parcent recoveries for each
pair of values ars averagad to obtain tha
rangae (R).

d. The upper and lowar warning limits ars +/-
1.23R from the central line.

e. The upper and lower control limits are +/=-
1.88R from tha central line.

A-8
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Results from the highest standard spikes
analyzed during analysis will ba averaged to
updata the average X(X), and average rangs
(R) after each lot and which in turn will be
used to updata control limits for X and R
aftar each lot for thae first 20 lots.

Linits established after lot 20 shall be used

" for the next 20 lots.

Differencs in Percant Recovaries (R)

a.

b.

Ce.

Tha valus for R obtained in Section
VIII.B.1.C, abovaea, ia thea bass lina of the
control chart.

The warning limit is 2.511 R.

Tha control limit is 3.267 R,

Three-point Moving Average X:

a.

The averaga percent recovery from the 2X
concentration from the first three days of
certification testing is the first point to
ba plotted.

Subsequent points to be plotted ara the
avaragae percent recoveries from <tha 2X
concentration from ths next group of three
determinations.

The central point on tha control chart is the
average of the plotted points and changes
with each addad point.

The range for each point is the differenca
batween the highesat and lowest valuass in each
group of thrase determinations. The average
range (MAR) is used to deflna the warning
control limits,.

The upper and lower warning limits ars +/-
0.682 MAR, respectively.

The upper and lower control limits ara +/=
1,023 MAR respectively.




NITROCELLULOSE IN SOIL
‘ PAGE 10 OF 10

4. Three Point Moving Averaga R:
a. The baseline is the MAR.
b, The warning limit is 2.050 MAR.
€. The control limit is 2.565 MAR. )

X.  REFERENCZS

A, Determination of Nitrocellulosa in compost. ARC
Nit:ocallulcsa compesting Task. Tachnical Report.

B. Mathod 3H. Determination of Nitrocaelluloese,
Nitroglycerina, and PEIN in watar.

B I AR S
- a

XI. DATA

A. Off-tha=-shelf Analytical Rafaranca Matearials
Characterization: .

Sea attached.
B. Initial calibration.
1. Rasponse versus concentration data: sas attached.

2. Respornse versus concentrated graphs: see
attached.

c. Daily Calibration.
1. Not applicablae.
D. Standard Certification Samples.

1. Tabulation and graph of found versus target
concentration:

Sea Attached.

2. IOF and 2I tests for tha pocled data:
See Attached.

3. Calculiated least squarss between raogression line
confidanca bounds, reperting limit, accuracy,
standard deviation parcent izmprecislion, and
percent inaccuracy:

Sea Attached.

i IX. GCALIBRATION CHECYK STANDARD RECOVERIZS

A, Sea Attached.
A-10 -




APPENDIX B
KNIGHT REEL AUGGIE MIXER SPECIFICATIONS
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Knight 2000 Sarios Roel
Auggles ... A new concept
in Mizor/Blonder/fosdors.

Knight Manufacturing Corporation
piloneered the 3-quger type of feed
mixer in the midwestemn and eastemn
Itvestock areas. Since 1965, the
3-aquger type mixer has been the
“top-ot-the-line” in faed mining
ecquipment. After more than four
Yyears of exhaustive sngineering,
development, and fleid testing, we
proudly introduce the ""Reel Auggie’”
- & new concspl in feed mixers. The
axtensive tield testing pregram in-
witded acttve participaticn by many
ivesstock formers, each of which
were previous owners of various
types of mixers. These farmars share
a new enthusiosm and confidence
for the Eeel Auggles.

Just what makos the "Roel
Auggle'’ better?

1. You can tinaily mix and teed all
of your ration ingredients
inv>huding long stem cry hay and
cther tough roughages that

presrionsly could not be included
In your mixed ration. Standard
square bales, stacked hay, and
processed round bales can be
udded directly to tha load.
Vetorinarions agree that longer
dry hay in the ration helps
cctivate the rumen o improved
digestion. Beter milk preduction,
batter waight gains, and vestly
irmproved animal health are just
some of the positive results, Now
you can control the percontages of
dry hay in your ration and know
that each cmlmal will got its
share.

2. No mcere mixing by force and
pressure, which couwses compress-
ad and crushed matertals and
potiible breakdown of matenal
tihor, The ""Reol Auggie” hlends
by gently lithng, duting mnd
rumbling the ration - iecving the
rertion n a mom palatable and
“whele” sterts than other mixms.
Farmets agree that rations ara
Elonded tastor, power
recizemaonts e lownr, maching
It is extended, and that the Hnal
mixexd raton s of @ higher quality

man previously attainabio

Tan Reel Auggie dasvgn helps make

irmportant cost savings poss ble by

birnding such nexponsive y-

products as cotton seard, whaat

rmdds, Drevwers iaing and swean! com
silags Soms eeden are Qls0 wiing
wemta potatoss, bakory woste Uopuid

animal fat, even candy bars and
other human foed by-products. The
Reel design effectively handles fine
grains, liquid supplements & mineral
additives.

The *'Reel” Mixing
Chamber.

The large dicmster Reel tums slowty,
gently lifting all materials up and
into the blending cqugers. The lower
notched aquger tums at a medium
speed and moves the ration towend
the front of the unit. The lower auger
also brings the mixed ration to the
door opening during the unleading
process. The upper auger tums at a
higher speed, and incorporctes
replaceable hardened knives that
assist in blending and cuttng the
long sterr. hay and moving material
toward the rear of the unit. Tha
combincation of these three com-
ponents is the sacret of the flutier
more palaiable ration.

/, h
A

l

A cros section view shows the Ufting octon of
the Kevel

A Chceice of Dischargo
Cptions

The Resl Auggie discharge door is
higher off tha ground than trads-
tional 3 and 4 quger mixers. In most
applications this will allow the use
of a simple hydraulically contrelled
slidde ray.

§

s e

R

o pxrra
Kroaht has desianad o new douger
hyriiaulically dnven Power Chutn of
those applications thot cannet utiioe
Ther slider rary The Power Chy'a

tahires thieo 9inch dicametar gugrers
with e piaceahie paly

roslene aners

|

L i S

H
Brinciacie < ut kot oh donnao b Ll

The new lhma crur~91 Powar cm 2 p'ov*cm N
versatility in undoading.

Oil-Bath Dilve Znclasure

The rugged tront drive is enclosad in
a dust-fres oll bath envirenment. It
fecatures a simple chain and sprochet
drive, sealed greasable baarings,
and spring loaded tension idlars.

The final drive shatls and sprockels
are splined for added stength and
reilabilily.

i e -

.1_.3:«.’ @

Lm.( it s
e tronl r"we comp’*m» nl s L"I ¥ “1 T wa’ I an
ol bath emvironment

Tow, Track, or Sloticnogy
Units,

Al of the Knight Reol Auagies ore
available for stationary applications,
and all except the smallest RADL
are available n tow-typa or truck
mounted units.

B il

Sa 8 e g
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£
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4. The upper
auger tums at
high spand, aned
asnists the blending
procass by moving
matenal raarward.

5 The aplacnabls hardened
knives on ne upper aquger halp

- 5

Demgn Feahures of tho Reel The notched lower blending 10. Drain plugs are provided at the

Augygio. auger moves material forward bottom of each hopper.

1. The rugged Reel ‘“'spider’’ tzgnc?isc"mharm g gmalso mm%ﬁ as 11, Large, powertul magnsts are
weldment is designed for q fast ever?:ow %?'r'n f,ﬁ?,? o g standard on all Slide Trays and
durability and long service life. the discharge door. " Power Chutes.

2. The spring loaded Reel crossbars . The hydrqulically operated
minimize binding and wedging. - The tront drive enclosure provides discharge door controls the

a dust-frge oil bath environment
and help reduce power iy unlcading rate.
requirements for the chain and sprocket drive.
: The rugged single cxle under- 13. Choice of dischargs options

3. The spring loaded polyethyiene ' c mncggs : ge: rectar.gular tul includes Tray or Power Chute.

m"‘”ggﬂ m blendinguwan censtruction with an adjustabie 14. A buckst guard helps prevent
3 tgr ;nm cts ‘f’e as \ height clevis hitch. an endloader buckst rom
wamhmenmugm%ac;;ne clent clean-ou contacting the Reel arms.
o 15. A wood bumper in the rear

helps protect against minor
damage fo the unit.

- A scale extension amm permits

scals operation without leaving
the tractor plattorm. and rotates
for stde viewing.

break ond cut long slom hay 9 The wide stance of the 4-point
and other tough roughage weigh DAr mounting system is
materials teatured on all modeals




Elsctronic Scales for The mode! 625 is a direct read-out
Accurate Ratons. system that does not use an alam.

A radio control unit is available for
Two electronic digital scale systems the model 625 !0 zero the unit rom
are avadlable using strain gauge

type bars . a remote location. An additional 1”7
displaw??g;nd both grj /gcmbi:xgte o  digital display is available for either

1t
within one percent. model to allow the operctor to read

The Model 630 system uses a homn ;i:g;fz gfem cg;ir;;?;e Il;cgcxtﬁgnl. 2A11
and light alamm to signal when an volt battery required for mobile
operator’s pre~determined weight nits
has been attained. ’

e J

L A
Model
A - QA langth - 188 192 aié
B ol 136 142 166
C - QA Height 0% &4 102 102
D - Tread Width - 82 94 94
E - 4] 47 47
F . Min.-Max.) - 34Y% 36 A9%-4] AG¥-41
G - 28 38 38
H Min.-Max.) - 2147 33-59 33-59
1- OA Width 79% 83 10l 10144
J - Transport Width - 112 125% 125%
X - Min.-Meax.) - 13-19 18-24 18-24
L - 4in-Max.) 15 19-2¢6 31-38 31-38
M - 32 44 44
N - Tianspornt Width - 98k 112 112
Cubic R. Struck Capacity 120 250 375 450
Cubtc Ft. Mixing Capacity 105 216 325 390
Bushel Mixing Capacity 84 173 260 312
Approx. Weight (bs. Tow) 2200 5240 7400 8190
Reel Diamaeter 52" 52° 68" 68"
Lower Auger Diarmnetar 16" 16* 20" 20"
Upper Auger Diameter 14~ 14" 18* 18"
Auger Hoppet (Thickrioes) 114" 174" 5/16" 516"
Reel Hopper (Thickress) 3ne” 316" 1147 174"
Side Sheets (Thickness) 12 GA. i0 GA. 10 GA. 10 GA.
End Sheets (Thickress) 10 GA 10 GA. 7 GA. 7 GA
Door Width TowrTrk NA 36" k- 36"
Door Width Staticnary 20~ 20"
Elactric Drive 7% HP 15 HP
Roller Chairs 50-60-30 40-80-100 80-100-120 80-100-120
Magmet 3D STD SO ST
Power Chute NA STD CPT CPT
Slida Tray NA CPT STD STD

Specioations subiect ¥ cRarge wiirout nonce

\J

FEMA

KIIGHT MANUFACTURING CORPORATION » BRODHEAD, WISCONSIN 53520  608-897-213] » FAX 608-897-2581 Laladliiadid
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Cond

Table C-1. BAAP Camwoeting Project - Analytical Sumple Log - Mitrocsilulese, Pile #1

.—.._..

GRAPH DATA
L1 s28n NG Time | ave NC | aver| ave -
wit Date RFY D4 Soold  ClientlD (ma/X9) Corments {ma/X9) Stlev |{(days)!(mg/Kg)]| stcdev] stdev
0 4/28/88 8305-251 H wk0d- 1 -1 1050 $08 133 "] 903 1041 775
6 wk- 1-2 813 20 4523 S172 3875
7  wkO- 1-3 1040 41 4933 6189 3676
8 wk0- 1§ 754 58 172 2481 782
9 wk(- V-4 81 70 133 255 10
98 123 637 10
3 5/18/83 B&C5-426 1 wik3- 1-1p 3340 4523 &8 151 651 451 651
2 wik3- 1. 3130
3 wk3- 1 -1e 4400
4 6/8/83 8306-659 H wid- 1 -1¢ 3493 4933 1257
6 wkde {-lc-dwp 1787
7 wké 1.2 5000
8  wkéd Y -2p-dp 4333
9  wk8- 1-2¢ 6008
10 wké- 1 -2c-dp 7167
11 wké- 1-3p 570%
12 wits~ 1 -3p-dp 4456
13 wké- 1 -3¢ 4763
16 wké~ 1 -3c-cp 35304
S wkde 1-1-0 4143 sarples with
8 wké- 1 -1-d 3823 suffix a-e
&7 wkbe 1-1-¢ 4224 vare taken
8 wkée Y -led 3311 after remix
29  wkh- 1 -1l-e 000
B 6/22/68 &508-772 1 wB- 1 -lc-a 1493 sampies with 1722 959
2 k8 1-tle-d 1250 "o" suffix
3 wk8- Y-2pa 2407 are dups of
&  wkB t-2>b 2263 "o* samplen
$ w8 1 -2c-a .-
6 wkB- 1-2¢-d 127
7 wk3- 3 -3Ip-a 2250
8  wk- 1 -3pd 24626
9  wk8e 1t-3¢c-0 218
10 wk8- 1 -3c-d 2730
10 7/6/88 3 wklQ- 1 -1 < 18 133 122
4  uwki0-1-2p < 13
b} wkil- 1 -2¢ 19
6 Wwk10- 1 -3 282
7 wic10« 1 -3¢ 117
16 8/4/38 8803-259 9 wiléd- 1 1c 183 33 313
9 wkide {1 Ap 308
9 wkide 1 hen 189
9 wkide { hom A 245
10 wkib- 1 2 994
10 wkiéd- 1 841
10 whkid Y hem ¥
10 wklde 1 hem dup 412
11 w14~ 1 2 33
11 wise 1 ap 29
11 wiklée  hom b1.)
11 whklé- hom dun »
12 wkibe Ip 762
12 ukl4e dup 713
12 wkilbe hom 582
12 wkl4- how A A3
13 wkl4ds 3¢ 3
13 wkl4- o i
13 wklée  hem 23
13 wtlée  hom dup 3

C-1




Table £-1. BAAP Compesting Project - Analytical Sample Leg - Mitrocellulose, Pile #1 (cont.)

P 22 9/26/33 8209853 w22 1 318 451 &¢C |
{ w2 2 7
S uwk2d 3 7
w2 4 1976
w23 3 §98




Table C-2. AP Composting Project - Anslytical Szmmle Log - Nitrecallulese - Pile 12

\

GRAPH DATA
He ave NC Time¢ jave NC |ave+ [ave -
Wk Date REW 108 Sml@  Clien2!D {(mn/Xq) Corments (mg/Xq9) Sthev |i(davs){(ma/Xq) {stdav|stdev
04/28/88 8805-251 [] wkid- 2 -1 831 3039 44601 0 3039 7640 -1562
10 wkl- 2 -2 1031 20 1485 3199 -229
11 wk0- 2 -3 1130 41 1089 2143 35
12 wkQ- 2 -5 11267 53 58 1423 -307
13 wk0+ 2 -6 233 70 b4 81 37
98 3 40 8
3 3/18/88 88(05-425 4 wk3- 2 -1p 302 1485 1714 151 54 4 13
S wk3- 2 -2p 3430
-] wk3- 2 -1¢ 703
& 6/8/83 BBLS-459 15 wihe 2 -1¢ 2985 1089 1054
16 wkde 2 ~lc-dup 2980
17 wks~ 2 -2p 414
18 wké~ 2 -2p-dup 43
19 wké- 2 -2¢ 2113
20 wké~ 2 -2¢-dp 2560
21 wkde 2 -p >
2 wkb- 2 <3p-dwp 110
3 wki- 2 -3¢ 149
2 wkde 2 ~3e-dup 93
30 wkie 2 ~1-a 1191 serples with
31 wkde 2 <1-b 992 suffix s-e
v wkée 2 <1-¢ 80U ware taken
33 wkhs 2 <1-d 729 after remix
34 wide 2 +1-9 743
8 6/22/88 8ECA-T72 1 wkhie 2 +1c-8 142 3axpleas with 558 845
12 w8 2 -1¢-b 113 "o suffix
13 wkB- 2 -2p-s 101 ars cdpe of
14 wkB- 2 -2p-b 92 *a* sarples
15 wkil- 2 -22-8 20487
16 wkB- 2 -2r-b 2321
17 wk8- 2 -3p-g 187
18 wk8- 2 -3p-b 216
19 wiB- 2 -3c-0 18%
20 wk8- 2 -3e-b 192
10 6/7/83 8 wki0- 2-%c¢ 70 59 22
9  wki0- 2-2p 43
10 wki0- 2 -2¢ 41
11 wk10- 2-3p 14
12 wiiQe 2 -3¢ 92
16 8/4/88 8808-29 16 wki4- 2 1e 81 36 20
14 wkig- 2dp 26
14  wki$- 2 hem 20
1% wkls- 2 hem Ap 13
18 wkiée 22p 54
19 wkld- 2 27
15 wki4- 2 hom 49
15 wkié~ 2 hom dup 27
16 wil4- 22¢ &
16 wkl4- 2cdp 20
16  wkié- 2 hem (3]
14 w14 2 hem dp 110
39 whib- 23 2
19 wk14- 2dup %
39 wklie 2 hom 2
39 wkl4e 2 hom admp 50
40 wklée 23 10
40  wkid- 2cdup 2
&3  wkide 2 hom ]
40  uklbde 2 hom il
C=3




Table C-2. BAA? Composting Project - Analyticsl Sample Log - Hitrocallulcse - Pile #2

&2 9/26/88 w2l 1 ) 54 41
P wk22 2 39
w2 3 &2
w22 4 70
wk2? § 117
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Table C-3. 8AN Compceting - Bagoed Sauple Log - Nitrocellulose - Piles 1 and 2

Tism (diwys) » GAR GRAPH DATA (1/K79)
K
Satch # Saenple Client 1D (eg/X3) raminat day 0 2 &2 98 98
2305-241 <1 wk0 -, 0%C 4hd T cone pile 9,2 # 17 # »2
*2 wk0 -, 0%KC 12963 = 5647 15294 209 162 61
*3 wk0 «.07SKC 155423 5% 12963 38476 378 40
<4 wk0 -, I08C 224605 7.5% 15548 §7430 587 52
10% 23603 57198 277 7% 97
[TTea (cavs) = 42 Pile #1 seaoonilic LILE GAZPH DATA
PILE 1
’;tch # Semple Client 10 W (mg/Xg) day k2] 5% 7.9%  10%
8304-639 IJwkhA 1+ 3o 15254 0 8447 12943 19568 23405
buwkd - o dats 42 15294 38676 57630 67198
I7ukd 1o Sa 38578 %8 182 7%
Bukét 1+ 5D no dsta
9wks 1-  Sc no dsta
Qwkd 1- 7.5 44117 PILE 2
ukd 1- 7.5 87692 day 3% b3 7.5% 10%
A wkd 1. 7.3¢ $1231 0 64b7 12963 15548 23605
3wkd 1- 103 41826 42 09 373 587 277
bhwks 1- 100 brabil 53 41 40 52 97
AS wkd - 10 47798
Tics (days) = 42 Pilg #2 thermompilic
Satch § Sseple Client ID NG (mg/Xg)
2806-659 &b wkd 2- 3 326
47 wkd 2- 3 93
48 wkd 2- 30 s
49 wké 2- 5B nc deta
SO wkd 2-7.5a 348
$1wkd 2- 7.5 848
S2wkd 2- 7.5¢ 746
53 wké 2- 10a £21
54 wké 2- 10b 143
53 i 2- 108 263
Tima (dava) » 53 Pile #1 msocxhilie
Batch # Ssmple Client ID  MC (my/Xg)
8808-229 1wk 1-3a 153
1wk 1-3 206
1wkl 1-%a 124
2wkt 1- 108 457
2wkt 1- - 10d 438
2wkl 1 10c 84
Jukt t- 104 1312
Jwk! 1+ 10 1134
Iy 1 104 1143
Tinm (cdrys) = 4 Pilea 72 tharmestilic
Batch # Sample Cliemt ID  MC (ma/%a)
8303-229 4wkl 2-3e 7
buxt 2-3 57
4wkt 2+ 3¢ &3
3wkt 2- Sa 42
Swkl 2-  5b 39
Swk? 2S¢ 39
8wkt 2- 7.%a 32
6wkl 2- 7.5b 30
Swkl 1- 7.3¢ 48 -
7wkl 2- 7.5d 53
7wkt 2- 7.3 %5
7wkl 2- 7.5¢ 75
3wkl 2+ 101 %%
Swk! 2+ 10® 9
Swkd 2-  10e 103

C-5
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Table €-4, RAAP Camposting Project - Analytical Sample Log - Mitroceliulese, Pile 3

ODute Day RFY 109

Cliant
10

KC  mean

(ua/q)

NC

stcav
Ll

mearrt oean-
g echay stclav

9/37/83 0 8309 433

3-t
3-2
3-3
3-¢
3-3
3-6
3-7
3-8
3-9
3-10

7267
7361
e
8443
5009

1259

GRAFPH DATA

mean maan
Dsy! NC tdev

mean-
stday

9145 5648 9 7%07 9102

4 387 758

10/26/88 29 8310 179

3-1p

1120
313

193
180

» 870 998
101 30 46

6712

743
15

802 - 28‘

11/15/88 49 a311L 511

.
3

. OO
€ &

uuuu.:ouuuu
FoToeo T o

776
745
L2
921

837
1129

a7

138

1008 734

1/9/88 101 &%QIL 111

Hul.:iﬂhé
L IR P Y

49
&3

18

30

17
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Teble C-5. BAAP Cosgpostirg Project - Amaiytical Sesple Leg - Uitrecalulose, Plle #

Client NC Haen Sty
Date  Oay RFY IDS 19 w9/ KC N
9/28/83 0 8809 853 41 15443
4-2 16167
4-3 1722
4-4 11396
&-8 13804
46 12287
&7 12857
4-3 10564
49 14000
410 11023 13088 1641
10/26/83 28 8319 179 4&-ic 255
4-28 153
42> IR
&-3¢ 97
4-3d 328 219 82
11/15/88 49 8811L 511 4-1-8 905
41 898
4-2-8 856
4-2-b 595
4-3-3 1139
4-3-b 1102
&4-4-0 1083
heokoby bl 5% 109
1/9/89 101 2901t 111 %=1 12
432 2
43 2
44 9
45 p) 16 3

GRAPH DATA
meare mean-
o mean NC gtriav stdev
0 13036 14727 114645
28 289 b¥al 207
&9 996 1096 8546
[ 101 146 39 - &
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E'} Table C-6. 8AAP Composting Project « Sapged Sample Log - Hitrocellulese - Pile #3
Beggad Corpost - Spiked w/ nitroceliulese (HC)
= we
{J Oate Day  RFY fatch 10 w/q Maan $tDay  MesreStd  Mesn-Std
9/27/88 0 6309 853 541 1407
522 19268
, -3 15976
i j 5%-6 13943
5%-5 10732
536 MIT7 14309 3048 7377 11261
-
{ ) 10/26/88 29 8810 179  SX-1 14348
$x-2 17372
~ $%-3 15413 15784 1433 17418 14149
i
| 11/13/63 49  8311L 811 Sx-A 2923
- 5%-8 202
5%-C 1184 1830 1381 - 3] ‘s
i ‘. 19/99 101 8901L 111 5%-A 40
5%-8 273
5%-C 7% 1662 1608 3087 257]
e 9/27/88 G &u0v 833 15k-1  4sdll
L 193-2 73675
- 15%-3  §5270
‘ 18%-4 62967
! 15%-5 34013

15%-6 77705 85507 21929 874635 43577

s

) 10728788 29 8310 179 15%-1 50256
N 153-2 42119

}_ f 15%-3 15121 36033 18432 S4584 17401
19/13/88 49  S811L $11  15%-A 15846
0o 15%-8 11507
f 18%-¢ 20381
C 15%-0 16299
) 15%-8 31330 ‘
o 1S%-F 30414 21000 8182 29181 12818
i 5/27/88 0 8509 653 30%-1 125060
30%-2 106081
. 30%-3 110311
} _ 30%-6  141&92
{ . 3-%-5 134480
30%-6 63918 114527 26158 140888 88369
{ 10/26/88 29 8810 1/  30%-1 59397 i
- 30%-2 88551 -
3023 T 73811 13622 873 56989 E
! 19/19/88 49 &311L 311 30%-A 4062 ;
| 30%-8 5493
B¢ 6041 S199 1022 6220 61771
o 179/89 101 8591L 111 3CZ-A 1634
L 3c3-8 2641
30%-C 3489 2655 1028 382 1427 3
')
| S
l .




Tabie C-&.

AAP Compoztimg Project « Bagpsd Sample Log - Witrocslluless - Plle &8
(table contirund)

97277588

10728/28

19/93/83

179/%9

0 8ELY 853

ry 8310 179

49 8815 3N

101 &0 11

&%
60%-2
%3
60%-4
60%-5
602-6

60%-1
60%-2
33

&0%-A
%2
60%-€

60%-A
&0%-2
60%-€

19706
w1174
216178
bastra)
191176
TIT0H

189557
224358
TS

\Esfre]
129069
170100

79049
T2040
58124

18827

972

144297

82911

33578

Ims

2047

12192

2462206

2474627

1647484

195049

191997

1213836

24819

/27788

10/25/88

179/

0 &EUY 833

0 810 179

101 &G 111

53
80%-2
80%-3
w4
acs-$
86

o 23]
&0%-2
80%-3

b ox 23
x%-2
t0z-3
a0%-4
1.3
80X-4

Lheimd
155882
1329414
158802
148529
130733

142113
150423
1434633

172234
191753
198228
oz
312398
10%319

154724

200y

39457

20399

203893

163768

273418

1367V

151679

1321448




Table C-7. AN tenperature daze - etelp chert recorder dato
sed MZP 9, 15, 14 in BAWP Compoating motabook (FE 034)
Compoot Filse 1 axd 2, all tomperatures im Centigrade
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130 &37 50 3t 28 38 49 42 48 38 48

130 918 50 31 T3 39 49 52 42 47 38 48

130 1337 50 31 23 39 49 31 42 4% M 48

130 Iy ST 31 2 41 50 %2 2 & % 7

130 ane S0 31 28 41 S0 52 42 47 39 47 )

131 ur 49 31 25 41 49 52 &3 47 39 47 131 18,8 461 10.1 3.8

159 17 9 30 23 4 & 2 w3 a7

139 1016 49 2 2 42 49 52 43 47 4 a7

130 1416 S W B 42 49 2 43 47 &3 47

138 1816 49 2 2% 42 9 52 43 8 43 48

131 216 9 2 28 43 49 53 43 47 45 48

132 218 B I AU A3 9 53 3 48 6 49 132 3.7 8.3 10.3 2.9

132 16 @ D % 43 49 53 M 3 s 49

132 o4t 48 0 B 43 8 3 4 48 46 48

132 1341 8 20 2% 4 48 53 45 48 48 49

132 1758 8 2 % 45 49 53 48 8 8 W9

132 2141 48 9 24 43 49 53 46 48 48 W9

133 141 B 29 28 48 4B 53 46 4B 47 49 133 38.7 48.7 0.4 2.7

133 549 48 B N M 49 S3 4s 48 4 &)

133 941 A8 22 24 45 4D B4 8 48 4T 4

133 1349 43 28 2% 4 W8 3 4 48 K 49

133 1761 48 2 U 45 49 % % 48 47 50

133 2141 8 2 U 45 49 %% 47 8 4 81

138 14t 48 28 2% 45 49 53 46 49 47 ST 136 33.8 49.8 10.9 3.1

134 541 8 W B M WP 8 4T 46 ST

13% 961 49 28 26 43 49 53 47 49 48 %0

136 1349 9 28 X3 45 49 B 48 49 47 St

136 1741 W B B3 43 49 %6 47 4P 48 St

13% 2141 49 28 T 43 49 %6 48 49 48 81

125 141 48 2 4 45 49 53 48 49 43 51 135 389 s0.4 1.2 2.9

133 %49 49 7 B 45 9 %8 43 N 47 S

133 941 9 28 B 43 49 %8 47T 49 47 81

135 1343 50 28 % 4 49 % 48 ST ST 49

135 1761 9 7 W k& 49 S5 48 51 S0 49

135 2161 9 28 U & 9 % 8 1T 51N

136 141 9 2B B b 49 %6 48 51 ST ST 135 393 S0.4 10.6 3.7

136 %41 9 7 B W 9 % 47 5 S

135 920 W A8 B 6 e 6 47 &9 ST 5

136 1320 9 W B ks L9 % 48 49 52 5

136 1827 49 23 B W 49 %6 48 50 45 SO

136 2227 49 28 28 43 49 8% 48 51 39 . 48

137 »7 49 2 26 43 49 38 43 31 39 43 137 388 481 10.2 4.7

137 s27 49 28 2 W3 0 5 47 51 41 4s

137 o7 9 W B 42 49 % kb 49 41 49

137 Wz 9 28 W 43 49 53 w8 4P L2 49 g

137 1e27 9 W X 42 49 B W 8 4T 49

137 w227 49 B B L2 49 55 45 8 61 49

138 7 49 28 25 42 49 S5 46 48 42 49 138 384 47.3 10.2 4.2

138 &7 9 B B 2 4 S 48 2 43

128 1027 9 28 2B 42 49 534S 48 42 4

128 147 49 B 26 42 49 55 48 48 42 49

138 1530 49 28 26 41 49 53 8 483 39 49

138 1930 43 28 2 41 A8 53 48 48 A1 49

128 232 9 B B 4 W9 6 48 K2 49

129 30 48 28 2% 41 48 55 45 43 42 49 139 37.6 8.1 10.2 4.4

139 739 48 28 2% 41 48 3 45 3 43 4

139 113 48 27 % 41 48 5 4 43 42 SO

139 1530 A8 7 2% 41 48 3% 45 483 43 SO

139 1930 48 27 2% 41 48 56 45 48 43 %0

139 30 &7 25 T3 41 8 %5 4k 48 i3 50

%o 330 72 2 K0 4T S8 & 49 43 ST 140 36.3 44.8 19.3 3.7 3

%9 730 W B B W 8 3 49 W 47 b

140 1000 TT I B RS BT 83 49 M 48 S

149 1455 - T R Y 4 42 48 45 49 P
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Tabla C-10. Porcant Moisturs of Campugt from BAAP Coxposeing Fleld Damrstration.
Phase 1 phase 2
Coopeat Pila 81 Coamat Pile 2 Comest Pile 03 Corpoat Pile 4
ol X Moistura i X #oisture i % kolsture Lol % Moisture
/] 61 ] 59 0 58 0 59
(] 61 0 &2 0 L1 0 59
0 41 ) 43 0 3 0 sa
() 61 Q= wp 61 0« rvn 54 0= s 59
3 o 3 [¥) 3 27 % Y]
3 48 &8 4 3 4 39
3 49 3 bit) 4 2% 4 33
« ey &3 e v 50 4 g 25 b-ave Bf]
6 pre-rosin 6 pre-romin 7 49 4 3
é 60 [ 50 7 43 7 43
é 4 6 17 7 49 L4 45
[ 8 4 63 7+ e 49 7 ova 5
& ava 61 &= 0wy &7
14 30 14 34
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